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PREFACE

The presont roport is the final one on this project. It comprises the
material in thc following technical reports, vhich matcrial has been corrected

studics on a given point are a unit. 4 review of the literature has beon added.

Summary Tocbnical Roport, #1, January - December, 1948
" , #2, January - December, 1949

Somi-annual Progresa Raport, #3, January - June, 1950
" " » #4, July - December, 1950

" n " ® , #5, January - June, 1951

) " " " , #6, Juno - December, 1951

" n " ", #7, January - June, 1952
INTRODUCTION

Some 2000 spocies of so-called "wood rota" nre known, of which porhaps 200
to 300 are.commonly involved in wood deterioration on a practical scale, They
typically attack woody materisls-——either 28 living or deed trees, structural timbers
or woody dotritus in nature, The wood rots are the chief fumgi, if not the only
ones, that can attack the cellulose-lignin complex which constitutcs wood, In na-
ture, the useful activitice of theose organisms arec primarily thosc of getting rid
of dead organic matter. The undesirablc activitos of the organisms are, of course,
their effects on structural timbers, The very fact thet in the dogradatiorn of
cellulosic matorials they produce othor chemical compounds, suggests that the activi-
tives of tho wood rots can perhaps be turncd into cconomically useful channols,

Before intelligent control can be nttained of cither type of activity of the
wood rots-- provention of wood decay, or utilization of wnato csllulosic matorials
by fermentation--it is necossary to know moro about thc physiology of ths organisnms,
Very littlc work hes beon dono on any aspcet of the fundamental biolegy and chomis-
try cf 6von a fow of these fungi, Much less has an attompt been made to investigate
thoroughly =2nd systomatically the basic {functioning of thc organisms, The presont
invostigations arc a start towards this objective,
#699
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REVIER OF LITERATURE
. (See Bibhliography A)

The first intensive study of tho fungi causing wood decay was under-
teken in 1930 by Falck (23), More recent revicws of the destruction of
cellulose and cellulosic materials by microorganisms include those by
Boswell (9), Burkholder and Siu (14), Cartwright and Findlay (18),

Hartley (33), and Row (75). lﬂarris and Johnson (32) discussed the
microbiological utilisation and disposal of wood-processing wastes.

Natural decomposition of wood is the result of successive attack by
differont types of organisms. The initial breakdown is caused by the
Phycomyces, which utilize the water-soluble material, followod by bacteria
and fungi which attack starch, 'celluloae, and hemicelluloses, Ths most
resistant portions, namely, the lignified tissues, are broxen down by
bacteria and "highor® fungi (97). The fungi causing wood decay are mainly
Basidiomycatesard belong to the families Tholeophoraceae, Hydnaceae,
Polyporaceac, and Agaricacezo (18)., The type of fungal decay depends not
only upon the species of fungus, but also upon thc kind of wood and the
particular portion of the wood being attacked.

The sequence of specics in decay of conifers under natural and
controlled conditions has becn studied by Findlay (25) and Cartwright and
FPindlay (18). The sapwood is first attacked by sap-stain fungi, then by
sap-rotting fungi. The white-rotting species of Polyporus are responsible
for decay of thc heartwood, Using the biock culture method, Polyporus
yaillnntii decayod 55 per cent (by weight) of the block, Polyporus

versicolor complotely destroyed it, and Conjiophora cerebella, Merulius
lac 8, and Lenzitea trabea degraded up to 70 per cent of the block,

The brown-rots were found to preferentially attack conifers, while the
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white-rots generally attaoked only the hard woods, Two species were rarely
isolated from the same region of the wood, presumably because of the differ-
ent nutritional end pH requirements. Experimentally, greoater deocomposition
of wood resulted from attack by mixed cultures of fungi (78), or by the
presence of saprophytic bacteria (78, 94). The rate of natural decay then,
would seem to be dependent upon the availability and concentration of
food, the presonce of various inhibitory substances, pH, and other growth
conditions,

diti for h of vood-rott i

The wood=destroying fungi are, in gereral, mesophilic and may be
separated into three groups according to their temperature requirements.
The majority grow optimally within the range of 24-30°C, while others
prefer a higher temperature (30-34°C), and a few require a lower tempera-
ture (20-24°C), Sevoral investigators have studied the optimum tempera-
tures for growth on either agar (18,86) or wood blocks (16), and also the
tomperatures lethal to the orgenisms (16, 61), Humphrey and Siggers (37)
surveyed the temperatures for optimal growth of &4 species of wood-rots
grown on two different media. The optimum temperature was determinod by
measuring the growth increment on Petri dish cultures after one or two
weeks incubation. The optimum tempcratures, temporature range, and maxi-
sun inhibitory temperatures were tabulated,

Tho wood-rots, in gcneral, prefor an acid medium for growth, The
optimum for some species may range as low as pd 3. During growth tho pH
of the culture fluid or substrate usually becomes lower due to the produc-
tion of organic acids (85,94,98,102,103), Tho brown-rois produce more
acid than the white-rotting spccics (3). Thaysen and Bunker (94) found

that although many fungi prefer an initial acid reaction, the prescenceo
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of alkaline salts, for example, sodium carbonate, stimulates the rate
of decay of wood, preéumably by noutralizing the organic acids produc-~
ed by the fungi during growth, The increased decompositicn of wood in
the prosencoe of saprophytic bacteria has been postulated to be duec to
a similar neutralization of toxic metabolic products, The moisture
req.iroments of thc wood-rotting fungi are variable., MKost of the
studies relate moisture requirements to the rate of decomposition of
wood (80,98).

The wood-rots have been successfully grown using the surface oculture
techniue on both solid and liquid substrates. Recently, however, the
shaks culture method, originally introduced by Kluyver and Perquin (50),
has replaced other methods, especially in physiological studies of fungi
in general (42,43,44,45,46,60), FPoster (28) gives a comparative physiology
of surface vs, submerged growth, BHe states ihat surfece culture is ontirely
insdejuate bocause it represents only the over-all result of the metabolic
processcs of an heterogeneous mixture of ‘- physiologicel systems. Submerged
culturo, however, provides physiologically homogenecous fungal material
since all cells are uniformly exposed to thec environmental factors, both
physical and chemical, during the growth period, Certain chemical chenges
in submorgod fermentations wero reviewed by Koffler et _al (51), and the
effect of shaking on oxygen diffusion was studied by Starks and Kofflor (88),
Burkholder and Sinnott (13) investigated the morphology of 150 spocios of
fungi, including some Basidiomycetes, in liquid shake culture. The
mycelial masses were characterized as being either globous or irrogular,
hirsute or smooth, and eithor hollow or solid in texture, The type of
intermyceliul fluid was also studisd, They also dis:ussed the effects of

environmontal conditions on these characteristiics,




In order to use the submerged culture technique for quantitative
moasuroments of growth; conditions nccessarily must be constant., The
rate and total amount of growth depend upon the sise and type of inoculum
(28), It hss been fcund that a closer check of replicate cultures and a
shortcr lag parioc iu init’ation of growth are attained if fungal mycelium
is fregnented (a wa:ing tlendor is usually used) (21, 77). Time of blend-
ing, washing and cuspealing of fragments, end amount of susponsion used
for the inoculum are imporiant fectors. The effect of sizoc of inoculum
was invostigated by Kitay and Snell (47). Thc organisms may store (somo
may adsorb) severel timce their requirements of vitamins when grown on a
vitamin-rich medium, Thc amount of inoculum transferred to a vitamin-
deficient medium, therofore, is critical, and repeated transfer is neocossary
to eliminate carry-over of vitamins,

Nutrition of the wood-rottiag fungi.
The nutritional aspcects of ths wood-destroying fungi have not been

studied extensively, and urtil recently a chomically-defined medium for
growth had not boen developed, [Excellent growth has been obtained in a
variety cf non-synthetic liquid media such as bran or malt extract with
supplements of yeast, nitrogen compounds, etec. (104)., Various synthetic

or scri-synthctic mudia hove beun developed for growing basidiomycetous
fungi (1,36,39,55,62,59,85,93) and related orgenisms (10,30,83,87), Most
of the media, howevor, contained certnin organic supplements the exzot
nature of which is unknown. Studics to detormine nutritional requiremonts,
especially vitamins, would have little significancc if such media were
employed, Porlman (70) hns devoloped a complctely synthetic medium for
culturing Polyporus ancepd, which contains glucosas, inorganic nitrogen, in-
organic selts, trace elcments, and thicmine,

Nitrogen utilization was studied by La Fuze (55) who found that growth

vy
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dooreased as the nitrogen oonstituent became simpler; that is, proteins,

casein, gliadin, gelatine, peptone, amino acids, and inorganic nitrogen
sources, respoctively, resulted in do&ouim amounts of growth, According
to his studies, sodium nitrsto and urea were non-nutritive, while proteins
high in tryptophare, ammonia, or glutamic acid favored growth, Washburn
and Niven (99) suggested that several interrelationships existed in amino
acid assimilatisa., Tler found that several aminc acids were deaminated and
thon the carbor chains wero aminated to form glutamine units, Knight (54)
found that certain tee* I'mei contained L-amino acid oxidase and probably '
only tho L-form could be muiabolised. .

Tally and Blenk (93) ctudied certain factors influencing utilisation
of inorganic nitrogen. TH:y included the source of carbon, the presenca
of heavy metals, and moct narticularly the vitamins added. The latter were
1nt.roduce£i in tho form of vea3% supplements so that error dus to the intro-
duction of contaminating suve‘ances was not climinated. Brickson et al (12)
demonstrated antagonistic uffacts upcn growth by an improper balance of the
concentrations of amino ccids end proprsed th:: irnibition of growth by a
particular aminc aoild ves prebebtly due to prevaniion of amidation of the
glutamic acid. In a ravent siudy, Stephcns and Hinaholwood (91) found
that optimum rate of growth vas not dependent upcn irace olemeats, but omn
the addition of a full complement of amino acids, Thcoretical kinetio
relationships were given as supporti:ng evidence. Care must be taken in
evaluating these sxperiments since it was found that autoclaving amino
acids, particularly in tho presence of sugar, caused partiasl or complote
inaotivation of scveral amino acids (22),

Various nutritional factors heve an effect upon th.e rate of decay of
wood, Tho presence of bacteria increases the rate of decomposition of

complex plant materials (97) and wood (78,94), Findlay (24) found the

s, o S bnetee M,
D
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effect of nitrogen content to be varisble. Schults and Kaufert (80) found
that asparagine :lncrea;ed the rate of decay of pine by Polyporus versigcolor
and [engitos trgbeg, while ammonium nitrate had no effeot. In another
study, Kaufert and Behr (47), using wood blocks, found that the rate of
decay of soveral woods was not affocted by urca, ammonium sulfate, or
amnonium phosphate in small quantities, but large quantities decreased

the rate. upai'tgine and peptone, in small quantities, increased decay of
Southern pine and red oak but had no effect upon other woods., Hungate (38)
detsrzined the nitrogen contont of various woods before and after attack
by fungi and found that the rate of decay was proportional to the initial
nitrogen content of thc wood, Sohmits and Kaufert (81), and Findlay (26),
found that addition of dextrose or dextrose plus asparagine increased the
rate of decay of Norway pinc by Lonzitos trabeg, but decreascd the rate of
broakdown by Lontinus lepjdeus. Utilisable carbon sources included starch,
maltosc, dextrins, and glucose (55).

Sovaeral investigators have shown that added nutrilitss (espocially
thiamine) augment the growth of the wood-rotting fungi. Very little work
has boen done to relate vitamin nutrition and the rate of decay of wood,

In this connection, Burkholder and Snow (15) determinod, by fungus ass:y,
that thiaminc was prcsent in wood, especially in leaves and bark., Noecker
(62) found that thiamine was cn absolute requirement for growth of four
specics of wood-rots and that biotin, in somv cases, stimulated growth,
Perlman (70), using a synthetic medium, found that utilization of glucosc
by Wﬂ! depended upon tha concentration of thiamine; that is,
inocreased amounts of thiaminoc resultcd in increased utilisation of glucose,
which in turn produced a large quantity of mycelium por unit volumo of
medium, Other growth factors, in addition to thiamine, had no effoct upon
growth, The whole thiamino moleculec was required for the growth of this
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organism, It has been found thet the =ctivity of constituent parts of
thiamine, namoly, thiu-olo and pyrimidine, varied not only with the species
of fungus, but also with the different strains (11,82). Leonian and Lilly
(57,58) found that the requirements for the thiamine molecule or its
conponents varied with tho source of nitrogon. The importance of othor
nutrilites in culturing various fungi has beon reviewed by several workers
(29,52,53,59,95). Kgl (52) found that biotin, thiamine, and l-inositol
increascd tho growth of several species of mushrooms. A4denine, guanine,
and/or uracil, although not essential, stimulated growth,

Several interosting relationships botween nutrilites and other metabo-
lites have becn reported, It was found by Carlson ¢t gl (17) that biotin
was essentisl for monosaccharide utilisation but was not required when
disaccharides were the carbon source, Knight (53) found that thiamine re-
quirement was altered by the presence of either niacin or biotin., The
latter has been implicated in bicarbonate utilisation (56) and the synthosis
of aspartic acid (92) by fungi, '

Robbins and Kavanagh (73) obtained luxuriant growth of several thiamine-
requiring fungi on a synthetic agar medium, Furthor investigation showed
that agar contained a higher oconcentration of thiamine than that required
for growth of the organisms, Ryan, Beadle, end Tatum (76), in comnection
with the development of thc tube method of measuring growth rate of tho
organism Noyrospora, found that biotin was adsorbed onto thc glass in rolative-
ly high concentrations. Since the cmounts of nutrilites required by nioro-
organisms is oxtremely small, care must be takon to elimirate all sourcos
of contamination before absolute requirements are established,

Study of the hoavy-metal nutriticn Sf fungi was accelerated whon the
importance of trace elemonts in commercial formuntations was roalised (27,

28,69,70,90), Jarvis and Johnson (41), cnd Shu cnd Johnson (84), respective-




ly, studied the effect of heavy motals on penicillin produotion and on

citric acid producticn-. These investigations suggest a good approach to
sinilar studies with other fungi, Schmits (79) found that the rato of
decay of Douglas fir sawdust by Lecnsites saepiaria was increased by sodium
carbcnate, bicarbonate, sulfate, and chloride and related this to the effect
of alkaline soils on tho rate of decay of wood in contact with thom,
Eaufert and Schmits (48) studied the effect of arsenic, zinc, and copper on
the rate of decomposition of various woods by fungi. Sinden gt a] (85) relat-
ed tho mineral nutrition of certain wooderotting fungi to their collulolytis
activity,
metabol (- w

The major products of aerobic decomposition of carbohydrate by fungl
are carbon diocxide and cell substance, Various intermediates snd end prod-
‘ucts have been isolated and identified from tho metabolic fluid and/or the
nycelium of tho wood-rotting fungi, They include soveral orgcnic aocids,
aldehydes, aromatic substances, products resulting in coloration of tho
substratos, etc, Curtin (19) proposed tho hypothesis that wood degradation
was due in pert to tho acids produced by fungi., Experimentally, he showed
acid production in malt ogar and in wood sticks. Birkinshaw et al (3)
isolated formic, acetic, oxalic, and citric acids from cultures of Qoniophors
gerobellg on Scote pine. A4ll acids, oxcept the latter, were isolated from
wood, so that citric acid was probably the only true metabolic product,
dcotic and succinic acids have also beon isolated as two products in the
breakdown of glucose, Pcrlman (70) found ‘that glucose dissimilation by
Polyporus anceps resulted in the production of ethanol and acetic and oxalie
aoid_a. More mycelium was obtained from starch metabolism than.rrom the
utilization of an oqual quantity of glucosc., A similar study was oarried

out by Boswell (8) with Meruliup lacrvmans.
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Mothyl-p-methoxycinnamate was igdentified as a metabolic product of

legtinus lopideyp grown on either glucose or xylose.
un oster of anisic acid were products of this organism when cultured on

Ylethyl cinnamate and

Scots pine (2,66).
as a product of Armilleris molleg. Those products are responsible for the
characteristic odor and/or coloration of cultures of the two organisms,
Hamada (31) studied the secretory reactions of 9 strains of jrmillaris
mgllea, including luminesecence, btrowning of substrato, guttation from sorial
mycelium, colar of fluid of guttation, and formation of calcium cxalats
crystals, He found that these reactions ware dependent upon the nitrogon/
carbon ratio of tho medium, except the browning of the substrate, which
resulted from thc oxidation of peptone and so varied only with the nitrogen
concentration,

Other metabolic products of the wood-rots include variocus ensymes,
antibiotic substarces, and pigments. Nord gt al (63,64,65,67) have exten-
sively studiod tho ensymes involved in the action on glucose, xylose,
Vitucei gt al
(96) studied tho dchydrogenases of several spocies of Merulius and Fomes

raffinose and colluloso, and the mechanism of wood decay,

annogsus, Boso and Sarkar (7), and Bose (5), also studied the cellulolytic
enzymes of the wood-rots. Considerable work has beon done an thc produc-
tion of antibiotics by wood-rots (6,40,72,74,100,101). Horvey (34) screon-
ed 500 Basidiomycetes for thoir antibacterial activity, The percentage
of sotive organisms was found to be relatively small, Pigment production

by a wood-rot, Lengites trsbea, has Lecn studied (20).

Birkinshaw gt al (4) identified D=threitol (l-erythritol)




REVIEY OF LITERATURE
(See Bibliography B)

GELLULOLITIC ACTIVITY OF WOOD-ROTS
NATURE OF CELLULOSIC MATERIALS
2Irue"® Colluloge

Pure cellulose is rarely found in nature, Rathor, it occurs most
frequontly in intimate associatiuvm with othor matorials., Since these
latter substances often affect tho reactions of ceilulosoe, an attompt
will first bo made to elucidate the nature of the substrate which may
be attacked by collulolytic snd associated ensymes.

The seod hairs of many plants, such as cotton, are composed of necrly
100 per ocent cellulose, frea from othor substances, and arc tho purest
form in which it ocours in naturc. The empiricnl formula (CgHyoOs),
indicates tho fundamontal struoture of cocllulose to be a hexose anhydride,
Couplete hydrolysis of cellulosc produces a nearly quantitative yield of
glucose; the qualitative rolationship betwecr the two substances has been
Imown for more than a century and a bhalf. Data supporting the classical
thoory of ceilulose structure are exhiustively discussed olsewhoro (24, 27,
44)., Here it may be pointed out mereoly that cellulose is made up, besic-
ally, of B-D-glucopyranosc units joinoed by 1, 4-glycosidic bonds. The
cellulose fibcr is composcd of chains of those residues, varying from
axtremsly long chains containing hundreds of glucepyranose units, down to
a fow cellobiose or cven glucoso units, Thc generully assumcd hydrogen
bonds botwoen parallel chainas partially account for the lateral union of
the chains, Furthcr, the primary chain moloculcs are joined by a linkage
involving thcir torminal opon chuin glucose units united by a cellobiose
moloculo (24).

X-ray ceta support the B-D-glucopyranosc structure theory and, more-
over, demonstrstc the crystallino nature of cellulosc, The long-chain
moleculas are orgenized intc parallel bundles by the previously

m-=4iawed Tntaral enhneeive forcos. Tho bundles so formcd assume a
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e crystallina structure called & micelle, Separating the erystallitos
are eread which dg not show the crystaliline pettern, presumably bo-
causc the arrangement of the molecules is less parallel, The cellu=
loss fiber is, then, a biphasic system; the phase, crystalline or

amorphous, depends upon the physical organizatiom of tho constituent

? chains, It is thoughTthat the lcss organized spaces are more casily
penotrated than the micelles and that those reactions invoiving pene-
tration of the celluleze fibor are accounted for by this structural
differeance (24).
Kood Cellulose And Other Wood Constituents

The cellulose of wood, which compriscs a large pertion of the

woody structure, is thought to be identical withi thc "true® cellulose
previously discussed, .Several sets of data support this conteation,

( Wise (43), in & discussion of the work of Heuser and Bosdekor, as well
&8 that of several other authors, preseﬁts cvidence strongly in favor

cclluloss is identical with other celliuloses,

&,

of the contention that wo
More recently, in their review, Nerd and Vitucei (24) have concluded
that this opinion is justified,

The natural breakdewn of wood cellul::zs, hewever, may be markedly

influenced by other wood constituents, For example, wood-rot metabelism
is critically affected by the extractive content of wood, In thn
aggrogate, or pessibly aleno, volatile oils and acids, tannins and

otker extraneous substances are inhibitory to wood-decomposing fungi

(16, 34, 39). Although extractives may be stimulatory in extremo dilu-
| tion.(39), higher concentrations are fungistatic, more is lethsl,

The other major cemponent of wood, lignin, which is found in
(~ intimate association with eellulose, has n definite effcet on cellulose

destruction, The protection against microbtial destraction afforded by

a—



13
lignification is amply illustrated by a comparison of the rates of
decay of non-lignifiod or slightly-lignified materials, such as
cotton or leavos, with those of more highly lignified substances such
as wood, With an inorease in lignification therc has been shown to
be an increase in resistance to miorobial attack,

The molecular structure of lignin, while not completely established,
oconsists basically of phenyl propane., The molecular waight is, at
present, thought to be about 840, with an empirical formula 0‘65‘8015.
In eddition tc ths tasic sksletal etructure, several hydroxyl and methoxyl
groups have been found, There is cvidence, too, of ome carbonyl
group and onc cnolic group, Brauns' formulation, which indicates a
koto-cnol isomerism, best agrees with reviewed data (24).

The manner in whioch wood cellulose is bound to lignin is a matter
of prime importance, since resistance of the cellulose-lignir complex
to ensymic attack may well be due to the nature of the union., The
kind of union between lignin and cellulose is highly controversial,

Consideration of thé cellulose macromolocular structure loads
to the conclusion that the introduction of a unit as large as lignin
into this structure would result in serious distortion, probably to
the point of moleoular disrupticn (27), This militates against the
concept of a strong chemical union, Also, ae previously noted, wood
oellulose and other celluloses are probably identical, This implios
that a strong chemical linkage with lignin is highly improbable, al-
though it will admit the possibility of an occasional chemical bond
between lignin and the surface units of the cellulose macromolecule,

Nord and Vitucci (24) have reviewed the evidence supporting both
the chemicel bond and physical union concepts., They conclude that

Jxparimontal data are in favor of the non-oxistence of a chemical




linkage, while the evidence Ifnr at least somec of the lignin being in
a froe state is incontrovertible, The effect of particle sise on
cellulose degradation offers further corroborative data, finely-
ground wood particles being more roadily sttacked than large particles
or intact wood,
NICROBIAL ACTION ON SUBSTITUTED CELLULOSES

In addition to their well-kmown ability tc attack natural cellu-
losic materials, microorganisms may exhibit hydrolytic activity on
celluloso derivatives., Several substituted celluloses have been ax-
aminod for their ability tc resist ensymatic action. With the increas-
ing use of cellulose derivatives for myriad commercial products, this
aspcot of the cellulose deterioration problem assumes an increasing
economic importance.

That cellulose can be rendered more resistant to miocrobial at-
tack by chemical subetitution has been known for some time, One of
thc carlier (1921) published reports was that of Doree (9), who noted
tho resistance of cellulose acetate tc tho miorcbial action of sea
wator., This property of cellulose acetate has been confirmed by sever-
al invostigators. Recent publiocatioms (5, 8, 17, 36) dealing with the
dogradation of substituted cellulose indicate 3ome of the applications
of such studies. In the studies cited sevcral cellulolytic microor-
gonisms were investigated, using various substituted celluloses as sub-
atrata. The growth responsa of thc organisms wos tcken as a oriterion
of utiligation. RKesults showed several ratural fibers to be vulnerable,
orly small differonces in vulnerability boing noted. Substituted
celluioses, on the nther hand, showed a wide variation in immunity to
attack, Cellulose triacetates were completoly resistant to attack, as

was more highly substituted cyanocthylated collulose, Low substituted




15
cyanoethyl celluloso and methyl cellulose appeared to be attacked,
howavar. - _

Darby (8) has tested the resistance of several substituted cellu-
loscs to the notion of Myrothecjum verrucaris, a highly active cellu-
lolytic arganism, He found tho following to be completely immume to
attack: othyl cellulose, (45-49.5% ethyoxy), acetyl cellulose (22%
acetyl D,S., degree of substitutiony = 1), triacetyl celluloso, ace-
tyl butyryl cellulose (168 butyryl), acetyl hydrogen phthalyl collu-
lose, acetyl stearyl cellulose, tosyl cellulose (D.S. = 1,29-2,01),
idotosyl cellulose (D.S. = 1.29-2.01 with 0,60 to 0,86 tosyl groups
converted to idotosyl), cyanoothyl celluloso (D.S. = 1,02-2,90), and
the mercury salts of carboxymcthyl cellulose,

Partial resistance was found in the following: mercorized cotton,
rogenerated cellulose (as collophane)*, methyl cellulose, carbaxy-
mothyl cellulose as frue acids, the sodium selts of carbtoxymethyl
celiulose of low, medium and hLigh viscosity, aluminum salts of carboxy-
methyl cellulose, and oxidised cellulose.

No significant differences in susceptibility to atteck were
found arong filter peper. dewaxed cotton sliver and extracted natural
linen,

ENZYMATIC DECRADATION CF CELLULOSE

Since ceilulose is the most abundant organic compound in nature,
it is not surprisirg that cellulose-decomposing activity is widely
found among microorganisms, Cellulolytic orgenisms may be found amahg
the following groups: aerobic ~nd anaerobic bacteria, ~ome actinory-
cetes, filamentous and higher furgi, protozcg, insects 1nd invertsbrate
animals (41). Somo of thess orgenisms are highly specialised, requir-

* Darby, (loc. cit,) This is at variance with the report of
Burkholder and Siu (5), and of Saunders, Siu and Genost (32),
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ing calluioae as tl_)e only carbon source; others, not so spocializod,
may utilise a number of carbon sources, cellulose among thom,

Somo interesting interrelationships oxist between cellulolytic
organisms ~nd non-collulalytic spccies., One of the more often used
illustrations of symbiosis is th~t existing botween the ruminant and
ricroorganisms inhabiting its digostive tract. Tho latter organisms
produce short-chain acids from celluloso in the food, which acids, un-
1ike oellulo&e, are cvailable for metabolism by the host. ‘This type
of interdspendence among organisms is not limited to the examplo cited,
as other microorganuﬁl, incluwding protosoa, act in a similar manner
on bohalf of thoir hosts, which in turn protcct and supply nutrients
to the microbes.

Deterioration of wood is due primarily to fungi. It is not,
however, in most instances carriod to completion by any single type
of organism. Rather, wood is attacked initlally by scveral non-cellu=-
lolytic typos of fungi which utilisze ths sug~rs and starches but not
the wood substance. *“hen the nutrionts available to these organisms
are diminished thoe true wood-destroying fungi invade, causing final
destruction of tho cellulose ~nd lignin (41). These latter orgcnisms
may also utilisze carbohydrates other than cellulose.

Nature_of the Cellulolytic Reaction

Initial wttack on the cellulosc mocromolecule is most likely a
hydrolytic onc, Th- classical vicw of cellulose hydrolysis, and one
which is currcntly widely accepted 1is;

collulase cellobiase

collulose :—-——> cellobiose 9 glucosoc
Pringshoim (28) showed both glucose and ccllobiosc to be proscnt

in the hydrolytic products of cellulosc ascted upon by thormophilice
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bactoria, However, the possibility of the release of intracellular
ensymes as a rosult of lysis of cells under conditions cf the cxperi-
ment is pointed out by Levinsom and Reese (17). Further, Kdlnins (15),
citod by Norman and Fuller (25), was unablc tc detect cellebioss in
the formentation of cellulcse by mesophilic organisms,

Tho work of Grassman ¢t g}l. (10), cited by Levinson and Reese (17),
in which two cnsymos were separated from a dialysed solution, roquires
a difforent representation of tho cellulcse-vo-glucese hydrolysis,

Tho onsymes consisted of a "cellulase®™ capable cof hydrolysing chains
having as few as 6 anhydroglucoso units, and a B-glucosidase capable of
hydrolysing chains two tc six units in length btut which had 1littlo
action on more highly polymeriszed chains, Tho rcactions may be repre-

socnted as follows:

1,4 B=polysaccharase

cellulose ) (0631505):1 e~ glucose

cellulase (n22--6) cellobiase

1,4 B-oligosaccharase

A recent publication by Rcese et al, (31) ropresents the roaction

as follows:
Cl Cx
native cellulcse ———p short linenr ———3p soluble small
polyanhydroglucose molecules capable
chain of diffusion in-

to thc coll
The C; step occurs preliminary to hydrolysis of tho straight chain by
Cxe Tho authors used carboxymothyl cellulose (CMC) as a substrate
for tho detoction of Cy activity and, in this connaction, madé tho
following stetomont, ™We are restricting the use of tho term Cy to

the enzyme czpable of hydrolysing thc 1,4 B-glucoasidioc linkage as

found in cellulose and 28 measurod by the amount of roeducing sugars
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obtainod by hydrolysis of CMC.®™ RMurther, "The term cellulo}ytic is
usod in tho hroadef sonso indicating the ability to attack or hydro-
lyse native coilulosc (cotton and filtor paper). Cy alome is unablo
to hydrolyse those meterials.” The cnsyme C, was able to hydrolyse
starch, pootic acid, alginic acid and bactorial dextran, It was

found in all collulolytic organismes tcsted and in some noﬁ-cellulolytio
ones,

As previously mentioned, thore is a relationship between the
molcoular structurc and suscoptibility to enzyme atteck. Reese gt al.
(31) state that in axperiments using substituted celluloscs, they
found th&t a singlc substituent on cach anhydrogluccse unit rendered
thé dorivative immune to attack. MKorcover, as this D,S, (dogroe of
substitution) valus decrcasos there is a docreascd reeistance to ensymic
action, While tho degree of substitution is a determining factor in
hydrolysis rate it is indicated that D.P. (degree of polymerisation)
is not,

Greathouse (11) prepared a series of polylomologous hydrocelluloscs
ranging in D.P, from 1675 to 120, His data indicated no sigmificant
difforence in attack by Myrothecium verrucaria on the various mombors
of thc seriecs, This is in accordance with the findings of Siu et _al.
(36), nnd with those of Walseth (42), who found no significant relation-
ship betwcon the ease of enzymic hyrirolysis of cellulose and its
degree of polymerisation. Grocthouse considors that cnzymic attack
is random nlong the cellulose chain,

This is at variance with Clayson's end-wiac attack (7). Sinco a
decreaso‘in D P, would increace thc number of torainal glucosc units

availablo, an cni-wise attack would give gr:ater reoactivity ns the D,P,

‘doerecsos,

e B Py
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Using commercial enzymc preparations as a source of cellulase,
and cotton linters, swellod or dispersed with phosphoric acid, as
subetrates, Talseth (loc, oit,) has found that, as the reaction pro-
grossen, there is n markcd decrease in recctivity of the undissolved
collulosa, Decreonsed moisture-regain values for the undissolved residue
indicate tho amorphous region of tho cellulose to be attacked most
rapidly, which could account for thc reactivity decrecse, since the
extent of attack would be limited by a decrease in reletive amounts of
amorphous cellulose. A comparison of enzymic hydrolysis with scid
hydrolysis indicated that the le-ge cngymc molecule ccnnot ponotrate the
intor-crystalline spaces of the collulosc macromolecule, with the raosult
that only thosa chains which can be contactcd are depolymerized., The
residue, then, was highly polymerized, though much of the sample was
dissolved. The hydroniur iom, on the other hand, could penetrate the
cellulose structuro and hydrolyze tho more interior chains with tho
rosult that hydrolysis, to the extent of approciabls weight loss, .results
in a low=polymer residue,

Cellulose treated with phosphoric acid prior tc ensyme action, re-
sults in & "high rerctivity ccllulose" due to c swelling of thc collulose
structure, thus facilitating cnzymo ponetration, Reactizity incroascs
as the length of treatment timo incronsos with the resultant extension
of tho crystal lettice (42).

THE WOOD=ROTS AS CELLULCLYTIC CRGAIISMS

As proviously pointzd out, ths wood-rots play a leading role in
the ultimete destruction of roody matrrianls. MNumnrous organisms, in-
cludinz muwy fu~gi. becteria, orotozoz mnd .rvurizhratea, are possessod
of enz;me systons capablc of degrading natur:lly-occuring cellulosic
metoriel, The rood-rots, hovever, arc uniguo ~mong celluloso destroyers

(4




in that they are able to onsymatically degrade ligr.ifjed material, Decom-
position of ligno-cellulose, according to Cartwright and Findlay, (6)

is restriotcd to cortain Basidiomycetes and & few Ascomycetes, In vicw
of this uniguc s?ility, it is somewhat suro-ie'ng that the enzymo

complax of wood-rcts hus been the subject ol relatively little investiga-
tion,

Thore are two zrirclpal types of wood decay brought about by wood=-
destroying fungi. In either type cellwluss L3 dayraded; the whito rots
also degrade lignin, while the brown rots do not attack this latter sub-
stanca.

Z.1ler (45) was among tno 1irst to irvectigate the wood-rots for
ensyme content. He found a cellulase, among soveral other cnaymes, to
bo present in Lenzites sacplaria. The vegetative mycelium contained
groeator anounts of ocnaymc thar the sporophore tissue. Later, Schmits
and Zeller (35) roported a similar group of ocnzym:s occuring in grmil-
laria mglles, Daedalea confragosa and Polyporus luocidus. Bose and
Sarker (4) made an importent contribution to thc study of wood-rot
physiology whcn they found, in oight species of Polyporaceae, the ex-
tracellular engymes in general to be preosent in greater amounts than
the corrosponding intracellular enzymes. Thc extracellular nature of
many fungal onzymes was thus cstablished, pointing out the inadequacy
of somc cariier experimcntel work in which, for the most part, mycoli-
al extrocie, ond inferior cnaymc source, were used. Confirming the
earlier woik of Zeiler (45), Bose an” Sarker (4) found thc vegetative
myceclium surcrior, as a source of cnzymes, to fruiting or about-to-
fruis avruntaren.

Floots (”), using press juice from Mosdi vy, acrymans, procipi-

tated the enzymes with alcohol-ether., He found csliuloso to bo foobly
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. attacked, 1nd then only by preparatiocns from cldor cultures. Lichenin
and cellobioso, however, were vigorously attaocked.
In his review, Boso (3) points out that only about two dozen

\ wood-rots hxve been studiod with regard tc their enzyme activity, More
rocontly thc prodlom of cellulose dissimilation has becn studied by an
investigation of tho cnd products of wood-rot metabolism, Birkinshaw
¢t al. (2) found Conjophora gerebella to produce acetis, formic, citric
‘ and oxalic acids. Oxalic acid has been dercmstrated as a metabolic

product of Poria yaillentii (30), and Mcrulius lacrymrns. [entinus
lepidous, 2oting om wood, gives rise tc mothyl-P-methoxycinnamato as a
motabolic product (1). Since this product is alsc produced by the fun-
gus eoting on glucose (24), it appears to corroborate the theory that a
proliminary stop in wood degradation is a hydrolytic action in which

( ) glucosc is produced.

In a sories of papers on the biochemistry of wood-rotting fungi,
Nord ot al, (18, 19, 20, 21, 22, 23, 24, 40), have presented considora-
blo evidonce of the fate of cellulosc utilized by wood-rots, Thcy fol-
lowod tho stopwise dissimilation of glucosc to various cnd products.
Glucoso breakdown, in many cascs, is principally to oxalic acid, Alao
produced, in groator or lesser amounts, are ethyl alcohol, acotic acid,
acotaldohyde and succinic acid,

Oxalic acid, in those instances where it is produced, apparontly
rosults from the oxidrtion ¢f ncotic acid, which may be converted to
oxalic acid by either of two motabolic routos (24). ‘

Furthcr work, in which purificd collulo.c, and in some cn6e8

wood, woro uscd as substrates showed tho same metabolic products to

bo cleboratod as when glucose was usod, From this, accoriing to the

authors, it would be justificd to postulate a mechanism for ccliulose




degradation by a consideration of thc phase saquence of glucosoe dis-

similation, The thoory of preliminary hydrolysis, previously mentioned,
is further strengthened.

Nord gt al. also made an oxamination of residusl cellulose and
showed an inoreasc in reducing power as oxalic acid inoreased, indi..
cating the organism (Coniophora gepebella) split the 1,4 glycosidic
bond, giving rise to new reducing groups. This would overshadow that
possible action which would split hemiacetal linkages with ites resultant
diminution of reducing power,
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GENERAL AND SPECIFIC OBJECTIVES

Geperal Objectives

This ressarch has a3 its broad objective a fundamential study of
the nutrition and physiology of tixo wood-rotting fungi. These organ-
isms - - classified as Basidiomycetes - -~ include the so-called "brown
rots” and the "white rots" which primerily attack, respectively, the
cellulose and the lignin of the cellulose-lignin complex of wood., It
is hoped that these studies may contribute to the practical prodblems
of the prevention of wood decay and of the fermentativs utilisation of
carbohydrate materials (including waste cellulose), as well as extend-
irgfundamental scientific Imowledge of the organisas,

Specific Obiectives

More specifically, this investigation involves (1), a systcmatic
study of the nutritional requirements of representative wood-rotting
fungi under controlled conditiomns of artificial culture; azd (2), study
of various aspects of the physiology of selected organisms, Some 43
species of wood role - - representative of different types involved in
the decay of wood -~ are presently under investigation,

Study of the nutritional requirements (1) involves, among other
things, development of chemically-defined (synthetic) culture media for
growth, Thie includes the gualitative needs of all the organisms for
"trace" elemsnts and inorganic salts, for nitrogen compounds and carbon

compounds, and for vitamins or other nutriiites, and the guantitative

characterization of these nutrients for the optimal growth of the organisms,

Study of the physiology (2) includes investigation of the cellulo-

lytic enzymes, which are responsible for the primary breakdosm of wood;
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utilisation of various carbohydrates by the organisms; datermination of
the end-products of the fermentation of carbon compounds, including

waste cellulosic materials; study of oxidation-reduction changes in

culture and their rolstion to growth and fermentation; pH and tempers- '

ture optima, and related probdlems,

The above studies of nutrition and physiology are fundamental to
a rational approach to the control of wood decay and to the practical
applisations of the orgsnisms in the fermentation of carbohydrate ma-
terials to economically valusble products,
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CATEGORIES OF SPECIFIC STUDIES MADE

Growth of wood rots in nca-synthetic culture media
Development of purely synthetic (ohemically-defined)
msdia for growth and nutrition studies

Utilisation of diffurent forms of organic and inorganio
nitrogen

Utilisation of different carbon compounds

Growth curves of the wood rots

Vitamin requirements, substitutions, components and
gynthesis

Optimum temperature for growth

Optimum pH for growth

Oxidation-reduction potential (Eh) in relation to growth
Development of synthetic media optimal for growth
Separation and concentration of cellulolytic ensymes.
Development of "cellulase assay tube" for rapid determination
of cellulase activity.

Production of organic acids by wood-rotting fungi
Pigment production

Production of fungel polysaccharides

Method for determining cellulose breakdown in sawdust
Large~-scale growth of wood rots in aerated liguid culture
Fernentation of sawdust, bark, and other complex carbo-
hydrate materials

Respiration studies
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LIST OF ORGANISMS USED

Brown rotg--
Coniophora cerebella
Daedalea quercim
Fomes meliae
Fomss offiocimalis
Fomes rossus
Fomes subtroseus
Hydnum pul cherrimum
Hymsnochaete sallei
Lentinus lepideus
Lensites ssepiaria
Lensites striata
Lensites trabea
Merulius lacrymans
Polyporus betulimus
Polyporus immitus
Polyporus palustries
Polyporus schweinitsii
Polyporns spraguel
Polyporus sulphureus
Poria nocos
Poria incresssta
Poria luteofibrata
Poria sonticola (originally

microspora)
Poria nigra
Poria oleraceae
Poria vaillantil
Ptychogaster rubesocens
Tramstos malicola
Tremotes serialis

White rote~-
Armillaria mellea
Fomes annosus
Fomes fomentarius
Fomes geotropus
Fomes pini
Lentinus tigrinus
Peniophora gigantea
Polyporus abjetinus
Polyporus anceps
Polyporue fumosus
Polyporus tulipiferus
Polyporus versicolor
Poria subacida

% Dr, Ross Davidson, U,S.D.A., Division of Forest Pathology, Beltsville, M.

»#Dr. Armendo Russo, Instituto de Pesquisas Tecnologicas, Sao Paulo, Brezil.

Culture #
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FP 57076-S
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METHODS

submerged culture technique
The basic routine method for growing the wood rots was that of aerated

liquid cuiture (submerged culture), using smll flasks on a shaking machine
(shake culture), or large bottles with forced aeration. Reproduction of
bits of the fungus resul%s in the formation of pellets of myocelium, the
form and amount of which vary with ¢he organism and the mutrient. (Fig. 1).
Tho submerged culture technigue cffers several physiologically-desirable
conditions for controlled growth and, in addition, the large bottles (Fig. 2)
are useful for the quantity yroduction of mold mycelium, ensymes, or fermsen~
tation products., Most of the work was done with shake cultures (Fig. a&),
using 70 ml, of culture fluid per 250-ml. Erlenmeyer flask, Solutions
of the nutrients under test constituted the culture fluid., Except in
studies on pH, all culture medis routinely were adjusted so that they had
a pH of approximately 5.5 after sterilisation. The inoculsted flasks
were incubated on & reciprocating shaking machine (Fig. 3) baving a
stroke of 1§ inches and giving 110 3-inch excursions per minute. Routinely,
all incubations were at 28°-30°C. for 7 days unless otherwise specified.
Determinations of pH and Eh were made with a Beckman apperatus.
Geperal procedurep

The stock cultures of the fungi were carried on potato dextrose agar
(PDA), then grown in shake culture in a standard 1% malt extract (Difco,
desiccated) broth to produce pellets of mycelium for inoculating the test
wedia., A standard amount (0.15 ml., s 0.02-0.03 mg dry weight) of blended,
washed growth was used for all inoculations, except the first inoculum
from the PDA. The mycelial pellets were blonded in a vlaring‘ blendor for
1 minute and the material in the resulting howogeneous suspension washed
by centrifuging at 2000 rpm and resuspending three times., The primary
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FOMES MELIAE DAEDALEA QUERCINA
Malt extract Malt extract

POLYPORUS PALUSTRIS POLYPORUS PALUSTRIS
Malt extract Bran extract

LENZITES TRABEA POLYPORUS TULIPIFERUS
Bran extract Bran extract
(-) FIGURE 1 REPRESENTATIVE FORMS OF MYCELIAL PELLETS

OF WOOD ROTS IN SHAKE CULTURE. TWICE NATURAL SIZE.

28




FIGURE 2. AERATED BOTTLE CULTURE OF WOOD-ROTTING
FUNGUS. One liter of culture medium in 2-quart bottle. T.eft: glass- |
fiber filter for sterilizing air; right: flowmeter for measuring rate of
air flow. I

(- FIGURE 3. DOUBLE-DECK RECIPROCATING SHAKING MACHINE,
Capacity 270 250-ml. flasks; stroke: 1% inches; speed: +28 3-inch cy-
cles per minute. ss0




FIGURE 4. SHAKE CULTURES OF WOOD-POTTING FUNGI.

70 ml. of culture mediurn in 250-ml. flasks.

Left: a trace of growth;

center: medium growth (circa 50 mg.); right: good growth (circa 100

mg.).

SRV
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inoculum into a given tept medium was growth from the standard malt extract

broth, then each of twc succeeding serisl subcultures in ibet sape tegt
Bedium was started with weshed, blended growth frum the preceding one,
Thus, all data on the growth of a fungus in a given nutrient are based
routinely on the third, serial, 7-day subculture in that nutrient, using
oontrolled inoculum sise. Experiment showed that at least three such
sucoessive transfers were necessary in order to minimise or rule out the
carry-over by the organiem of nutrients from one medium to amother, All
quantitative data on the value of test nutrients are based, unless other-
wise specified, or the dry weight of mycelium produced in media in dupli-
cate flasks, (Nutritiomlly-adequate media resulted in the production,
per 70 ml. of medium, of from 50 to 150 mg. (dry weight) of fungal
mycelium from an inoculum of 0,02-0.03 mg.). Because many organisms did
not attain their meximum growth in the 7-day incubation periocd, the growth
data actually measure rate of growth, The standard error of mycelial
weights in duplicato flasks was about f 4%, Flasks for the shake cultures
were capped with a fresh, 4-inch square of special cellophane (Dupont,
type 450 PT) which withstands autoclaving, held in place loosely by a
rubber band, (This material deteriorates so that it cammot be autoclaved
if more than three months old.) The use of this cellophane is much to

be prreferred to the usual cotton plug which may introduce traces of
contaminating nutriernts into the chemically defined test solutions.

Also to minimize contamination with unknown nutrients, spevial care was
used in cleaning glassware, Only distilled water was used in rinsing
glassware and in making solutions, and chemicals were of the highest
purity obtainable., Controls were run routinely in all tests. Aill'media
were autoclaved at 15 pounds (121°C,) for 20 minutes. For the basal

medium, the inorganic salts, glucoese and vitamins were sterilized
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separately, then combined aseptically. After sutoclaving, media were

O cooled, shaken for 1 hour on the shaking machine, and inoculated.
Special procedures for various studies are given below in the
eppropriate sections.
Preparation of Standard Inooulus
(1) Transfer contents of one flask culture (70 ml) to a one-pint
glass ‘Jaring blendor cup and grind for 1 minute
(2) Pipette 15-ml of homogenate into 15 ml graduated centrifuge tube.
(3) Centrifuge for 2 min at 2000 r.p.m., decant supernatant ard pipette

or pour 10 to 15 ml of sterile distilled water (use individual
tubes if pourod) into tube and resuspend fragm;nta.

(4) Repeat centrifuging, decanting and resuspending procedures twice,

(5) The last resuspension is quantitative. Sterile distilled water is

(” added to a total of 30 times thc volume of packed fragments; meEErusdse for

example, C,5 ml packed fragments made up to a total of 15 ml., More
than 0,5 ml of packed fragmonts can be discarded by removing excess
mycelium when decanting in the intermediate washings,

(6) Inoculums 0,15 ml of homogonate per 70 ml of medium,

Note: The blencor cups werc covered with the top half of a Potri dish
(mekiny an all-glass unit), wrapped in paper anl autoclaved for
30 min at 121°C. The centrifuge tubes end tightly-fitting
rubtor caps were also autoclaved separatoly., The tubes of water
were covered with ccllophane or aluminum caps, Selected stand-
ard pipettas wero used to insure close check of replicates,

~ M_—:a
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Base] syntbetic pedium
Most of the nutritional studies were carried out using synthetic

(chemically defined) media. The following bgea] medium, used routinely,
supported "minimal" growth of all the organisma investigated. It was used
for determining utilisation of diffasrent compcunds of nitrogon, of various
carbon sources (substituted for the glucose) and of vlimins, and alsc

as the dasis for the development of quantitatively "optimml" media, vary-

ing all constitients in numerous coabimations,

TABLE 1
Basal Synthetic Medium

Glucose 10.0 gm./liter
KHPO, (Ka430, Pad42 mg./1.) 1.5 gs./liter
MgS0,. B0 (Mg=49.5 me./1.) 0.5 gu./11ter
Thiamine monohydrochloride 1.00 mg./1iter
Source of nitrogen 120 ng./liter N (see below)
Iraco elements
B (as H3B03) 0.10 mg./liter
Mn (as MnCl,.4H,0) 0.01 mg./1liter
Zn (as Znso,‘.'mzo) 0.07 mg./liter
Cu (as Cu.'%OA.Q!zO) 0.01 mg./liter
#o (as (RHy)eMoqOg,. 4H0) 0.01 mg./1iter
Fo {as FeS0,,7H,0) 0.05 mg./litur

To this basal medium a known nitrogen compound unpder study was added
in a concentration of 0.012% (120 mg./1iter) iota) pitrogen, excopt that
amino acids which were available only as racemic mixtures (DL) were used
in a concentration of 0.0243 total nitrogen, on the assumption that only

| the natural (L) form of the acid might be utilizable. Ammonium nitrate
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was used in a concentration to give 0.012% agpcpiup nitrogen. Routinely,

for purposes other than the study of nitrogen compounds, glutamic acid
was the usual source of nitrogen, and was added in a oconcentration of

1.26 gu.11ter (2120 mg./liter total nitrogen).
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RESULTS

The data herein presented on the nutrition and certain aspecte of .
the physiology of the wood rotting fumgi are based chiefly on some 40,000
shake cultures,

OPTIMUM TEMPERATURE FOR GROWTH OF WOOD ROTS

Prelininary studies and a review of the literature made when this
project was started showed that 28°C was a good "average" optimum
temperature for all the organisms. Because only one constant temperesture
room large enough for the shaking avparatus was available, this tempera-
ture has been used routinely. However, it seemad desirable to determine
more closely the opiimum temperature for the various species used, and
data for most of these is herein presented.

Ths organisms were inoculated onto malt sxtract (1%) agar slants, and

incubated at 24°, 28°, 30°

and 32°C, for, usually, 7 days. The amount of
growth was determined by visual observation. The apparent optimum tempera-
ture was taken as that temperature giving the greatest amount of growth,
while the temperature giving the next greatest growth indicated on which
side of the apparent optimum the true optimm probebly lay.

Tatle 2 shows the experiment#lly—determinad approximate optimum tempera-
tures for moet of the organisms, It is apparent that while the great major-
ity have an optimum temperature close to 28°C,, there are a few species for
vhich a higher temperature iz better (nbtably Lenzites trabea, Porla
oleracese, Poris subacida and Polyporus_sbietinus), and some which grow
better at a lower temperatuve {Fomes roseus. Fomes officinalis, Poria
vaillantii, Merulius lscrymans and Fomes amnosys). Merulius lacrymans is
the only organism which really growe poorly at 28°C, Theoretically, the
optimum temperatures would not be the same in shake culture as those
above-determined on slants, but a few experiments showed that this
difference is not of practical experimental significance in the nutrition

work.




—

TABLE 2
OPTIMUM TEXPRRATURES FOR GROWTd OF “.00D ROTS

Based on visual estimation of greatest amount of mycelium produced on
mlt extract (1%) agar slants, adjusted to pH 5.5, and incubated for 7 days
unless otherwise indicated, at 24°, 28°, and 32°C. A £ or - after the
apparent optimm temperature figure indicates whether the next greatest
amount of growth was obtained at a tempersature higher (£) or lower (-)
than the valus given,

Optimun Optimum
Brown rots - ) Brown rots (cont.) - )
Poria incrassata® 28- Ptychogaster rubescens 284
Poria monticola 28- Deodalea quercima 284
Polyporus palustrie B4 Poria oleracese 304
Lentims lepideus 284 Poria luteofibrata 28-
Fomes subroseus 284 Nerulius lacrymans® 244
Lensites trabeas 32 Polyporus sulphureus* 8-
Fomes roseus* 224 White rotc -
Fomes meline 30- Pclyporus tulipiferus 28-
Pomes officinalis# %4 Polyporus ance;s 28-
Poria xantha 284 Armillaria mellea* 84
Poria cocos 284 Peniophora gigantea 284
Poria nigra 28- Poria subacida 30/
Poria vaillantii® 244 Fomes fomentarius 284
Polyporus spraguei 284 Polyporus versicolor 284
Polyporus betulinus 284 Fomes annosus 24
Polyporus immitus 8- Lentinus tigrinus 284
Polyporus schweinitsii 28- Pomas geotropus 284
Lenzites saepiaria 28- Polyporus abietinus 32
Trametes serialis 26- Fomes pini 284
Yydnum pulcherrimua 284 Polyporus fumosus 284
" Lenzites striata 284

Copiophora cerebella 284
Trametcs malicola 284 % 1l4~day culture.




(“'\

37

GROWTH OF W0OD ROTS IN NON-SYNTHETIC CULTURE MEDIA

For orientation, and as a preliminary to the. development of purely
synthetic (i.s., chemically-defined) medig, it was desirable to determine
certain growth characteristics of wood rots in non-synthetic (®natural® or
artificial) media. The media used were chosen because previouvs york had
shown that some of the wood rbts made good growth in them or because of their
cheapness, nutritional qualities, or other desirable characteristics.

The following nutrient solutions were used for shake cultures of
the verious fungi, the concentrations (on a total ﬁitrogen basis) being
shown in Table 3: malt extract (Difco, desiccated), corn steep liquor, soy
bean meal / glucose, cthyl stillage (condensed molasses distillers' solubles—-
trade name "Curbay 5-G7, U.S. Industrial Chenicals), poptcne (Difco), peptone
£ glucose, gluten_(Central Seientific Co., technical grede) £ glucose, and
casein hydrolysate ("vitamin-free®, General Biochemicals) £ glucose #
thiamin £ inorgzanic saits. The"initial pH® given is that of the sterilized
but unadjusted medium except for the casein hydrolysate, which was adjusted.
Except for caséin Lydrolysate alone, all nutrients contained various vitamins
in unknown amounts., Th2 vitamin added to the vitamin-fres casein hydrolysate
was thiamin only (1 gamma (Y) per ml. of medium), which we had previously
found to be the most esaential nutrilite for the growth of wood-rottiag fungi.
The inorganic salt mixture used in the casein hydrolysate medium is the
"trace c¢loment® mixture of the basal medium (Teble 1),

The following 32 representative wood rots were tested ir shake culture

with the above nutrients: brown rots--Fomes roscus, Fomes subroseus, Fomes

meliae, Yomes officinalis, Poria incrassata, Poria xantha, Poria monticola,

Poria_cocos, Poria nigra, Porie oleraceae, Poria vaillantii, Polyporus

gpraguel, Polyporus betulinus, Polyporus palustris, Polyporus immitus,
Polyporus schweinitzii, Lengites trabea, Lenzitss sasplaria, Poria luteo-

fibrata, Merulius lacr 8, Lentinus lepideus, Trametes serialis, Hydnum
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pulcherrisum, Ptychogaster rubescens, Dasdales quesrcina; mhite rots--
melles, Poria svbacida, Fomes fomenptarius, Fohes apnogus. Stock cultures of
these organisms are carried on potato dextrose agsr.

To illustrate the data obtained, results of the gro=th of a representa-
tive brown rot, Poria zanths, in different nutrients aro shown in Table 3.
Corresponding data have beer obtained for the 31 other wood rots named
‘above. Estimation of the amount of growth was done visually, with the
greatast asount, regardless of organisa or nutrient, being recorded as ®4if

The results of all third-transfor observations of the growth of 32
wood fota in 8 non-synthotic media may be summarised as follows.

1., All of the fungl tested grew to a greater or lescer‘extont in all of
the nutrient modia used, but with marked differences in the amount of growth,
depending upon the medium. This indicates the diversity of mutrients for
ainisal gromth and at the same time points up the differsnces among various
spacies as regards optimal nutritiomal requirements,

2. The fungi producing the greatest amounts of growth were Ptychogaster
rubescens in malt extract and in gluten £ glucose; Poria vaillantii, Dacdalea

quercina and Polyporus betulinus in malt oxtrect; Polyporus schweinitsii in

corn steep and in gluten £ glucose; Fomes officinalis in soy bean meal /£

glucose; Poria incrassata in othyl stillage and in gluten £ glucose; Poria

xantha and Fomes moliae in gluten £ glucose; Foria cocos in ethyl stillage;

and Polyporus immitus, Polyporus versicolor and Fomes annosus in casoin

hydrolysate £ glucose £ thiamin £ inorganic salts. These results show that
there are differences in optimal nutritional roquirements among various
specios of fungi and also suggest the nutritionally "bost® media of those

tested.

3. A grester number of the fungi gave good growth in cascin hydrolysate P4
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A

GRO'TH CHARACTERISTICS OF WOCD ROTS IN BARIOUS NON-SYNTHETIC MEDIA

Seven~day shake cultures, third transfer, Growth estimated viauallyg
greatest amounts4, Nitrogen percentage refers to that in thes solution used,

Organisms

ENitrogsn £ 0,012%)

Amount of growth 1

Pellet sise medium

Initisl pH bed

Final pH 2,6
%2!2.2&522.l1§22£
Nitrogen = 0,012%)

Pellet siii rediunm

Initial PH 403
Final pH 2.6
So

(Nitrogen = 0,012%)
Amount of growth 1

Pellet size radium
Initial pH 6.0
Fin&l pH 3 03
Ethyl_gtillage
“Curbav B.GT)
Nitrogen = 0,012%)

Amount of growth 2

Pellst size nixed
Initial pH 5.4
Final p4 5,6

Borie xapthe

ENitrogon = 0,16%)

Amount of growth 1

Fellet eize modium
Initial pH 6.6
Finel pH 8,3

mie 1%
Nitrzg;:"?o.léx)

Amount of growth 1

Pellet size zedium
Initial pH 601
Final oH 4e2
lycoss 1%
(Nitrcgea = 0,12%)
Amount of growth 3
Peilet size small
Initial pH 6.7
Final pH 1,8
Cagedy Jirdrolysate
£ ascs I8 £sults
*_chdemio (2Y. /ml
?Nitrogen = 0,01

Amount of growth 2
Pellet aize amall
Initial pH 542

Final pH 40 0
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glucose £ thiamin £ inorganic salts than in any other medium; zlutem £ glucose,
and ethyl stillage were close seconds, Peptons, and pepione £ glucose were
the poore*t media as regards the majority of fungi, while malt extract, corn
steep, and zoy bean meal £ glunoss were intermediate for the greatest number
of fungi, These deta (with controls) show that thiamin is necessary for most
of the fungi used, and suggest that it is the unly essential vitamin, It alse
is clear that certain of the "netural® or artificial nutrient mixtures are not
in general as gcod "balanced" diets as others,

4, In general, as a result of the metaboiism of the fungi in shalks culture,
there is an inorease in acidity of the nodiui. Often this is quite marked;

a pH of around 2 is frequently attained, particularly in the media containing
added sugar, The lowest pH valuse reached were not uniformly characteristic
of any particular species of organisms or kind_or nutrient,

5. The c“ief exception to the generalization that acid is produced in shake
culture is, as one might expect, the peptone medium, This is the only nutrient
medium which does not contain sugar, The final pH in this medium is alkalins
in the case of about half of the species of fungl used, and only slightly acid
with the remainder, Presumably this results from the production of ammonia,

A, The size of the pellets of growth appears, in general, to be:more
closely correlated with the’type of nutrient than with the species of organism,
For example, pellets of growth in malt extract were invariably emsll for all
species of fungl, In corn steep, a good majority of the 32 species formed
small pellets, al“hough a few produced pellets of asdiwu. 32z, Ia the 6 other
nutrients, ths pellet size was small for about half of tha fungl, and larger
with the remainder., There was little tendency, however, for a given species
to produce the same slze of pellet in different media,

7. Although the form in which the nitrogen occurs is not knewn for &ll of the
media used, it 1s clear from the results with casein hydrolysate that the fungi

ear nti14%e nitroran $n A favm at Jesst ag aimnle as aminn sndida and/er palmantddo
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PRELIVINARY PXPERIMENTC ON GROWTH IN SINTHETIC CULTURE MEDIA

This section deals with orientation expesriments on the development
of synthetic, i.e., chemically-defined, media for growth of the wood rots.
Definition of the mutritional requirements of these fungi in terams of
known chemical compounds, and particularly their nitrogen and vitamin
requirements, is basic to an understanding of their activities in attack-
ing wood, and to a study of other aspects of their physiology. The
general approach in this work has been that of trying progressively
simpler nitrogen compounds, together with wvarious nutrilites. All of this
work was done uping shake cultures as described in the section above and,
for the resson previously explained, all data are third-gubcul ture
observetions. .

Ia the development of the synthetic media, only two representative
wood rots were siudied in detail: Polyporus palusiris, @ brown rot, and
Polyporus tulipiferus, a white rot. The amount of growth produced after
7 days, with our standard shake culture technique, was used as a measure
of the nutritive value of the synthetic media, Since the paxisug gpount
of growth is not necessarily attained sithin the 7-day period, we are
actually basing our comparisons on rates of growth, Measuremont of the
amount of 7-day-cld growth in the various media has been quantitative
throughout, ueing, in each caae; the oven-dry weight of mycelial pglleta
produced in our stardard shake flack with 70 ml. of medium. This weight
18 expresced &s the percentage of the oven-dry myceliel veight formed by
the saze orgunism in 1% melt extract medium, whirh is 3 non-synthetic
nutrient. ('rte cven-dry weight of mycelial pella.r ohtained after 7 days
in our atand.d shake culture aversged 0.1027 gr. for P, _palusiris, and

'0.0694 gm. for 2, twliviferus, with a standard error of £3.48). The

axount of growth obtained in 1% malt extract {total nitrogen ¢ 0,004%)
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1s used merely as a datum point for comparing the synthetic media apong

themselves cn en equivelent total pitrogen tepis (0.012%). Growth in 3%
malt extract (total nitrogen = 0.012%) is too gummy to be separated from
the medium for accurete weighing.

For comparing synthetic media, a basal medium of glucowe (sterilised
separately) and inorganic salts was usod in every case (Teble 1). To
this el modium the other comstituents (nitrogen sources and mutrilites)
were added, thiamin being sterilised separately, The inorganic salt mix-
ture was arrived at empirically, and while satisfactory for the time being,
is not necessarily optimsl in all respects.

Because of the relatively good growth of all of the wood rots in the
casein hydrolysate medium (see preceding section), this nitrogen source
was used as the starting point in developing purely synthetic nutrient
aixtures, (Actumlly, oasein hydrolysate is a semi-gynthetic medium, be-
cause the mixture of amino acids is not clearly dotiﬁed, but it serves as
a good basis for further work.,) Starting with carein hydrolysate, a
nambor of other organic and inorganic nitrogen sources bave been testsd,
with various nutrilites——vitaming, and purine and pyrimidine bases--in
numerous combinations,

The complete 1list of nitrogen sources so far irvestigated is as
follows: ocasein hydrolysate ("vitamin-freey General Biochemicals), urea,
sodiun glutamate, 1(f)-arginine (monohydrochloride), l-asparegine,
1(f)~cysteine (hydrochloride), 1(#£)-histidine (monohydrochloride),
dl-methionine, dl-ornithine (hydrochlorida), dl-serine, dl-valine. These

L] at'{-)e ALY L3 & e < . an ‘A - -8 le sie D) 2 o -1-.c nsle e -9 ) b’ L'. .

total nitrogen of 0,012%. The nutrilitss (vitamins, purine and pyrimidine

bases) used in various combinations vere: yjtamips—thiamin (hydrochloride),
biotin, pyridoxine (hydrochloride), i-inositol, calcium panthothenate,
riboflavin, niacin (nicotiric acid), folic acid (pteroylglutamic acid),

——y
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choline (chloride); purine begeg--guanine (hydrochloride), adenine (sulfate),
xanthines pyrimidine bapep—uracil. These nutrilites were used, for the

time being, in the following more or less ardbitrary, but excess, concen-
trations: thiamin, riboflavin, niacin, caloium pantothenate and pyridoxine --
1l gamma por gl. of medium; choline and inoeitol -- 2 gammas per g, of
medium; guanine, adenine and urecil -- 13 mag per liter of medium; xanthine -~
20 mg. per liter of medium; dlotin and folic acid -~ 2 gammas per liter

of medium,

411 media were adjusted so as to give, after sterilisation, a pH of
about 5.5, which we have found to be the approximately optimum. pH for
the growth of the organisms used, No attempt was made to buffer the
modium. Reference in the tables to "any" or to "all" vitamins or other

mtrilites means, of course, those listed above,
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Table 4 is a very condensed summary of typical average results of
third-subculture observations on P, palustrie in synthetic media containing
the several nitrogen socurces tested with various combinations of nutrilites.
The standard error of duplicates varied between 0.4 and 6.4%, averaging £ 3.2%.
In Table § similar dats are given for P, tulipiferus, Because the over-all
data are as yet incomplete, the summary must necessarily apply only to the
results so far obtained,

The main pointe to date regarding the nutrition of P, palustris end
P, tulipiferus may bs briefly summarizsd from Tables 4 and 5 as foilows:

1. Neither of these fungl will grow in the compiete absence of added
nutrilites in any of the nitrogen sources tried,

2, GContinued growth in subculture of eitﬁor organism is obtained in any of ths
aitrogeq sources except scdium nitrate, in the presence of thiamin or blotin.

3. Apparently thiamin and biotin are qualitatively interchangeable in the
nutrition of either of these fungi.

4. Growth is considerably greater witl: thiamin alone than with biotin slone,
when the vitamin is present in excess.

5. Growth in any or all nutrilites gther than thiamin or biotin is very
meager and is not long-continued in subeul ture,

6. The use of certain other nuirilites added to thiamin or blotin often
gtimilates gro;th, which in some cases is strikingly in excess of that obtained
using the same other nutrilites alope,: or thiamin or biotin alone. The effect
of purine or pyrimidine bases plua thiamin is especially noteworthy in this regard

7. For paximal growth, other nutrilites are needed with thiamin or biotinj
continued growth -- although smaller in amount -~ is obtained with either of
the latter alone,

8. No nutrilite other than thiamin or biotin appears to be eggential for
continued growth, and no other can replace thiamin or biotinm,




Basal medium plus nitrogen sources and nutrilites as indicated.

TABLE 4
GROWTH OF P, PALUSTRIS IN SYNTHETIC MEDIA

day shake cultures, third transfer.
oentage of that obtained in 1§ malt extract.

Sevon-

Growth (dry weight) expressed as per-

Butrilite
Thiamin Biotin Thiamin Thiamin
only only . plus plus
agy cilsr inositol
vitaain Qr folie
acid
inositol
or folic
acid
) -4 - B &
( w 3 :xn:‘ w 'z =a we ': i wrR 'ﬁ i
£ 3 3 RN EREEE 3
£ 23 B EE 5 E g &E
Bitrogen Source
Casein hydrolysate 57 5.4 1.3 45 5.3 1.8 62 5.4 1.5 38 5.4 1.9
Urea 25 50‘ 1.8 20 505 2.2 26 505 1-9 26 5.5 1.8
(lm‘)2003 5 5.5 1.9 61 5.5 1.6 60 5.5 1.8
. Na ROB 0 5.5 5.4 0 5.5 5.4 0 5.5 5.4
Arginine 60 5.3 1.4
Asparagine ™ 5.3 1.8
Cysteine 0 5.2 2.5
Histidine 8 5.2 1.7
( ; Methicaine 2 5.3 a3
Ornithine 58 503 109
Serine 60 5.3 1.9
Valine 60 503 1.7
P . o




TABIE 4

GROWTH OF P. PALUSTRIS IN SYNTHETIC !EDIA

Basal medium plus nitrogen sources and nutrilites as indicated. Seven-day

shake cultures, third transfer.

that obtainod in 1% malt extract.

Growth (dry weight) expressed as percentage of

Butrilite
Thiamin Thiamin ARy or all *  Thiamin
and plus vitamins plus
biotin all other except any purine
plus vitaains thiamin or pyrimi-
any other exoept and dine base
vitamin inositol, biotin
folic acid,
inositol, or choline
folic aecid,
or choline
(
& i x !
. w w w a = w
:’agfai: & 4 &
f 3 4 sgﬁﬁggsﬂ
P8 4 &8 38 BE & & A2
Nitrogen Source
Casein hydrolysate 66 5.5 1.6 7 5.4 1.6 655 50 89 5.4 1.7
Urea 2% 5.5 1.8 30 5.4 1.8 125.5 5.2 & 5.3 1.9
Na glutamate
(534)2003 61 5.5 1.8 05.5 5.5 83 5.3 1.7
Na N03 0 54 5.4 0 55 5.5
Arginine
Asparagine
Cysteine
Histidine
(~' Methionine
Ornithine
Serine
Valine
- G - ——— —_— :
e
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C = TABIE A (CONT.)
GROFTH OF P. PALUSTRIS IN SINTHETIC MEDIA
Basal medium plus nitrogen acurces and nutrilites as indicated, ' Seven-day
shake cultures, third transfer, Growth (dry weight) expressed as percentage of
that odbtained in 1§ malt extract,
Nautrilite
Thisnin or [
plus bases nutrilites
all other only
vitenmins
and ald
bases
g 1
w w w
33 I T
( 3 133 %
. 8 82 & 83 &
Hitrogen Source
Casein hydrolysate 92 §.,5 1,6 8 5.4 2,6 0
Urea 43 5.5 1.7 0 5.4 50‘ 0
Ha glutamate
N Co 9% 5.4 1.4 0
(8‘)2 3
lelo3 0 5.45.4 (o]
Lrginine
Asparagine
Cysteine
Histidine
Methionine
(\ Ornithine
Serine
Valine
L e e oo -—— B . :




, TABLE 5
GRCSTE OF P, TULIPIFER(S IN SINTHETIC MEDIA

Basal medium plus nitrogen asurces and nutrilites as indicated,

X Seven~dey
shake cultures, third transfer. GCrowth (dry weight) expressed as percentage
of that obtained in 1% malt axtract,

Nutrilite
Thiaain Biotin Thiamin Thiamin
only only plus plus
apy other inositol
vitanin
exgept
inositol
= > <
a A v B :
w - ] w <~} w lg. w la
~ =% a.
g 3 s 3 3 q s 3
Fi3 §271 $3i31 3§37
£ 5 & 5 § 2 5 3 & 5 &
Hitrogen Source
Casein hydrolysate 48 5.4 2.7 25 5.5 3.8 51 5.4 4.5 36 5.4 3,2
Urea 13 50‘ 1001 6 5.5 ‘oo 1‘ 50’ ‘03 u 5.4 ‘03
Na glutamate 60 5.4 4.8 20 5.441 60 5.3 4.2
(m!‘,‘).‘,cc3 40 5.5 4.4 30 5.3 4.5 42 5.5 4.6
Ne 1«)3 0 5.5 5.5 0 5.5 5.5 0 5.5 5.4
Arginine 40 5.3 4.8
Asparagine 40 5.2 4.9
Cy'toin. 20 502 30‘
Eistidine 30 5.3 3.9
Methionine 30 5.3 4.0
Ornithine 40 5.3 5.0
S.rin‘ w 503 4.5
Valine 60 5:3 401




TABLE 5 (CONT.)
. GROWTH OF P. TULIPIFERUS IN SYNTHETIC MEDIA

Basal medium plus nitrogen sources and nutrilites as indicated,

shake oultures, third trsnsfer. Qrowth (dry weight) expressed as percentage

of that cbtained in 1% malt extract,

45

Seven-day

Nutrilite
Thiarin Thidain 40y or all Thiawin
and plus vitamins plus
biotin all other except any purine
plus vitanine thiamin or pyrimi-
any other axcept and dine base
vitenin inoeitol, biotin
axeept folic acid,
inositol, or choline
folic acid,
or choline
o tr %2 . e
w = - w = . b B w e =
( g 3 R I 3 1 2 9
5 1 g % 5 38 %% 7%
5§ 8 ¢ I _ 8 & 5 § &
Nitrogen Jource
Casein hydrolysate 54 5.5 4.3 62 5.4 3.8 10 5,4 3,6 81 5.4 4.4
h Urea 16 5.5 4.1 22 5.5 3.9 6 5.53.9 385.3 4.2
i Na glutamate
; NB (] 'Y qo ] [ ] 08
r (4)2003 b 5.5 4.2 0 5.55.5 68554
K;N03 0 5.45.4 0 5.55.5
Arginine
Asparagine .
Cysteine
Histidine
Methinnino
\
¢ Ornithine
Serine
Valine
B — s, sy
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TABLE 5. (CONT).
GROWTH (¥ P, TULIPIFERUS IN SYNTHETIC MEDIA
Desal medium plus nitrogen sources and nutrilites as indicated. Scven-day

shaks cultures, third transfer, Orowth (dry weight) expressed as percentage of
that obtained in 1§ malt extract,

Mutrilite
Thiaain Apy or No
plus all bases nutrilites
all other only
vitanins
and all
bases
inositol,
foliec acid’
or choline
2 B
w w m w
42 333 %
Fiq i1
8 8 & 5 & & 3 .
Nifrogen Source
Casein hydrolysate 91 £.5 5.4 8 5.4 5.0 0
Urea 42 5.5 3.9 0 5.5 5.5 o
Na glutamate
(NH ) CO 73 5.4 445 0
42 3
nm% 0 5.4 5.4 0
Arginine
Asperagine
Cysteine
Bistidine
X¥sthionine
Ornithine
Serine

Valine
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9. The combination of folic acid and/or inositol with thiamin

appears to have some inhidbitory effect on growth,
10. The amount of growth obtained from P, palusiris 1l‘fa1r1y
consistenily greater than that from P, tulipiferys, under the same

conditions,
11, P. palustris congistently produces a lower pH than does P,
tulip{ferus,
‘ 12, In general, and except for urea, organic nitrogen sources result
in better growth than jnorgani: nitrogen compounds.

13. The data so far indicate that these organisms cannot reduce
pitrate nitrogen to amino nitrogen, but can use ammonia nitrogen for
protein synthesis.

14. The organisms produced about one-half as much growth in the urea
as in the ammonium carbonate. This suggests that possibly only omne of
the amino nitrogens of the urea can be utilized by the organisms; or it
may be dus to the kmown toxic effect of urea; or it may be due to the
kigher carbon dioxide of the ammonium carbonate.

15. The greatest amcunt of growth (and lowest pH) was obtained with
P. palustris in ammonium carbonate plus all vitarins and nitrogen bases,
(Table 4), This suggests that a high carbon dioxide tension or a higher
available cardbon content is helpful, as the carbonate was probably mostly
ocarbon dioxide at fha p H of 1.4 which was attained.

16, Of the single amino acids used as nitrogen sources, the least

- growth is obtained with cysteins or methionine, It may or say not be
significant that these are the only sulfur-containing amino acide of thcse
tried.

( The effect of different concentrations of nutrilites in synthetic

media was explored somewhat before selecting the erbitrary but excecss
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amounts actually used. The conccnt..rationo of nutrilites used in Talles 4
and 5 represent roughly the "optimum" levals for maximum growth of

Py _palustris and P, tulipiferus in casein hydrolysate medium, They were
determined by using a range of concentration and selocting the concentration
giving the greatest amount of growth, Iu some cases even a two-fold
change in nutrilite conceniration resulted in a marked difference in
growth; in other cases the difference vas not maasurable. For example,
inoreasing the concentration of biotin from 1 gamma to 4 gammas per liter
slightly increased the growth of P, pglustris, but more than cut in half
the growth of P, tulipiferug. With taiamin, a decrease from 1 gamma to
0.5 gamma per ml, had no effect on P, palustris, but cut in hal? the
groith of P, tulipiferus. Further quantitative study of nutrilites will
be fourd in & later ‘sectionm.
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EFFECT OF CONTINUED SFRIAL SUBCULTURE

Upca the first subcuiture of an organism from one medium to anotbhep
o ion, scme growth often occurs even if the new
medium laoks essential nutrients. This has been called "growth momentum,™
and is due to the carry-over by the organism (inoculum) of small amounts
of essential nutritive substances, Thus growth in the first subculture
should never be taken as an indication of the nutritional adequacy of
the new medium. Similarly, one sometimes obtains growth in the second
subculture, i.e., the first transfer from the new medium into another
portion of the same medium, Less often does the carry-over of nutrients
extend into the third suboulture, hence it is generally considered safe
to base observations of growth in the new medium on the third subculture.

To determine the necescity for successive serial subculture before
drawing conclusions regarding growth in a new medium, typical quantitative
observations for 8 such transfers are illustrated in fable 6. In each
case the original inoculum was that grown in 1% malt extract medium,
"Subculture #1" refers to the gruwth, obtained in the designated synthetic
media, which resulted from the original inoculum, “Subculture #2" is
the growth, in the designated media, which resulted from using as an
inoculum a portion of the growth in "subculture #1"; and so om.

The data in Table 6 demonstrate the necessity for using at least
third-subculture observations as the basis for drawing quantitative
oonclusions regarding growth even in a nutritionally-adejuate medium,

The amount of gro~tk ie greatest in the first subculture (because of

"growth momentum”); it decreases from the first to about the third

transfer, then levels off snd continuss approximately constant findefinitely?

(In & nutritionally-inadequate medium, growth would decrease, then stop).




Growth (dry weight) exrressed ms percentage of that obtained in 1§ malt

TABLE 6

EFFECT (F CONTINUED SUBCULTURE IN SINTIETIC MEDIA

- 54

extract., Originel insiulua was growth from mali extract,
Cascin hydrolysate Urea as
&€ _niirogen source —bitrogen source
Nutrilite | Sub- *P. palustris— | P, tulipiferus—-| P. palustris—F. tulipiferus-
culture | %, growth % growth £ growth £ growth
1 65 70 32 20
2 60 55 28 13
3 57 48 25 13
4 55 INA 24 13
Thianin
5 55 47 20 13
6 54 47 22 12
7 55 47 22 10
8 57 47 2 10
1 48 35 22
2 47 28 20
3 45 25 20
Biotin 4 40 26 20
5 35 24 18
6 32 2 -
7 32 16 20
8 32 15 20
1 82 75 35 28
Thismin,
bictin, | 2 é9 65 32 23
nisewn, !
ridoflacih 3 70 62 30 22
celeiua .
panto-~ 4 72 62 28 20
thenate,
pyridoxin% 5 7% 62 25 3 /
6 70 ‘ 60 25 21
? 70 60 25 22 N
\* ¢




OPTIMUM pH FOR GROWTH OF WOOD ROTS

The approximately optimum pH ror the growth of 42 species of wood
rots was determined in shake culture in the basal medium plus glutamic
acid, as indicated by the amount of mycelium produced in, usually, 7
days. The initial pHi was varied from 3.5 to 6.0, in steps of 0.5 pH,
for each organisa. The results are shown in Table 7.

It can be seon from this table that while all organisms give good
growth at the "standard" pH of 5.5, which has been used for most ef the
work on mutrition, a few species have an optimum as low or lower than
3.5. This means that the quantitative data in Tables 10 and 11, below,
are strictly comparable only at the pi (5.0 - 5.5) used, not at the
optimum pH,

—— ey
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TAHLE ¥

OPTIMUM pH POR GROWTH OF WOOD ROTS IN SHAKE CULTURE AT 28°C,, AMD GROWIH
AT OPTIMIM [H COMPARED WITH THAT AT pll 5.5 (STANDARD)

Based on dry weight of mycelium produsced in 70 ml. of basel medium (Table 1)
plus acid (to 0.012% nitrogen), with initial pH adjusted to approximately
3.5, 40, Le5, 5.0, 5.5 and 6.0, respectively., Standard inoonlum used. Data are
for at lsast daplicate, 7-day, third-transfer cultures unlees otherwise indicated,
Grosth at optimm pH expressed as percentage of that at standard pil 5.5 (medium
not adjusted). A $ or ~ after the cptimm pi figures indicates whethsr the next
greatest amount of growth was obtained at a more alkaline (4) or a more acid (-)
pH than the value given,

Optimm Mat l:‘-i.‘-ht, ﬁntt
Brown m?‘a 4 x ‘ op:c. ?u:é : —
Poria incrassata 6.0 52,1° o 6° 17
Poria sonticola 5.5= 87.6 87.6 100
Polyporus palustris 5.5~ 91.3 9.3 100
Lentinus lepideus 3.5 # 67.8° 10,5° 6lb
Fomes subroseus b5~ 80.1 72,0 m
Lensites trabea W 90.6 85.0 107
Fomes roseus 3.5 % 61.2° 42.6° Lik
Pomes melise 5¢5= 96.0 96.0 100
Fomes officinalis #* hoS+ 67.8° 62,5° 109
Poria xantha 5.5~ 5447 - Sho7 100
Poria cocos bo5+ 20.1 10,2 196
Porie nigra 5.0¢ 152.9 10,2 109
Poria vaillantii ** 5.0- 99.6° 92.4° 108
Polyporus spraguei 540~ 39.2 2.3 Ledy
Polyporus betulinus L5+ 87.6 82,0 107
Polyporus immitus 5.0~ 42,8°° 36,2°° 18
Trametes malicola . 5 * 68,7 k2,3 162

# End of pH-series usud, hemce direction of true
optimum pH not know,
#* Grown in 1€ malt exiraot,
° u‘d‘y Olﬂ.t\ll".

20 2i~day cultwre,
(continued en next page)
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TABLE 9 (CONCLUDED)
{ A B
: © Optimm Mat weight Mat
Organiss OF“ optimm weight g x 100
Brown rots (oont.) - ng. g, - i
Polyporus schweinitsii 5,0+ 56.,4° 40.1° 14
Lensites saepiaria 5.0- 2.4 20.1 1n2
Trametes serialis 4e5~ 2.4 65.3 m
Hydmun pulcherrimum 5.0 32,1° 29.8° 108
Ptychogaster rubescens 4O~ 107.3 63.9 1468
Dasdalea quercina 4O 0.2 20,2 200
Poria oleraceae 540 90.5 42,6 22
Poria luteofibrata 5.0¢ 30,2%° 28,2°° 107 ;
Merulius lacrymans LS~ 24,2 18.7 130
Polyporus sulphureus 55 49.6%° 49.6%° 100 l
Lengites striata 5.0¢4 33.8 31.6 17
) Coniophora cerebella 4,0- 42,7 24.6 174
¥hite rots -
Polyporus tulipiferus 5¢5- 87.2 87.2 100
Polyporus anceps 5.0+ 53.8 52,7 102
Armillsria mellea LSt 26.4° 16,4° 161
Peniophora gigantea 5.5- 98.2 98.2 100
Poria subacida 3.5 ¢ 82,6° 58.,2° U2
Fomes fomentarius 5.0¢ 5.9 2,6 26
Polyporus versicslor 5.5% 98,2 98,2 100
Pomes annosus 5.5¢ 63,20 63.2° 100
Lentinus tigrinus 5.5¢ 98.3 98.3 100
Pomes geotropus 54,0~ 55.3 50.2 110
Polyporus abietinus 5¢5= 29.2 29,2 100
Fomes pini 5.0 34.7 32,4 107
Polyporus fumosus LS4 21.3 15.3 139
(- " % End of pH-series used, hence direction of true
cptimum pH not lknown, *
© li-day culture.
00 2/,~day culture,

ha S
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GROWTH CURVES OF THE WOOD ROTS

The increase in ceii substance with time, expressed as dry weight
of mycelial pellets per 70 ml., of culture medium, has heen determined
for 42 of the fungi in two media -- malt extract (1%); and the synthetic
medium (Table 1) with L-glutamic.acid {nitrogen level 0.012%) plus
thiamine, All work was done in standard shake culture at 28°C., and
growth was allowed to continue until a maximum was reached, Determina-
tions of growth and of pH were made every two days, the whols contents
of duplicate flasks being used at sach sampling period. The results
give a picture of the relativs rates and amounts of growth and acid
production for different organisms In the two media. Table 8 summarizes
a portion of the data for 1% malt extract, and compares the mycelial
weights in 7 days {our standard growth time for nutritional studies)
with the paximum growth atteined and the time required to reach this
maximum. A1so, the maximum and the terminal (at point of maximum growth)
scidities attained, expressed as pH, are shown for their respective time
periods, Table § summarizes similar data for L-glutamic acid as the

nitrogen source.

e |
» 1
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( ) TABIZ 8
COMPARISON OF SEVEN-DAY GROVTH AND UAXTLUM GROWTH IN MALT EXTRACT

g m—

{ Growth given as milligrame of dry weight of mycelium per 70 ml, of medium,
averagas of Zuplicaic flasks, *Terminal® anidity means that at the time of
maxisus myoelial weight.

Seven-day lMaxisum

mycolial ayceliel Terminal
Orxanisp weight _  weight _nmm.. aoldity
Brown rots -~ ng. og. days pH days pd . days
Poria incressata 80 93 12 3.00 6 3.9 12
Poria monticola 116 131 12 206 6 303 12
Polyporus palustris 110 114 8 1.65 12 1,75 8
Lentinmus lepideus 66 80 18 1.55 20 .59 18
Fomes subroseus 99 104 10 4.05 10 4.06 10
Lengzites trabea 54 N 14 3.45 20 3.75 V3
( Fomes roseus 106 116 10 2.8 L 2,30 10
Fomes meliae 126 15 8 215 20 2.32 8
Fomes officinalis 63 L U 226 L 2,26 14
Poria xantha 72 9 122 3.5 10 351 12
Poria cocos 48 7% 16 2.83 18 2,86 16
Poria nigra ' 147 15§ 10 2.7 16 3.11 10
Poria vaillantii 66 120 14 1.75 18 1.82 - VA
Polyporus immitus 88 9 10 2,50 8 2,42 10
Poria oleracese 123 138 10 2.17 10 2,17 10
Poria luteofibrata 12 43 404 1.5 20 1.5%0 40
Merulius lacrymans 30 59 4LOf 2.82 8 3.50 40
Polyporus sulphureus 30 52 18 3.00 20 3.26 18
Lenzites striata s 86 12 3.2 20 3.9 12
; Coniophora cerebella 79 132 16 2.9 12 3.9 16
Trametes malicola 65 7 8 1,65 18 1.90 8

@

/ maximum growth not yet reached.
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TAKLR 8 (CONTINUED)

COMPARISON OF SEVEN-DAY GROYTH AND IAXIMUM GROWTH IN MALT EXTRACT

Growth given as milligrams of dry weight of mycelium per 70 al, of modium,
averges of duplicate flasks.

maximm mycelial weight,

*Terminal® acidity means that at the time of

Seven~day Maximun
mycelial myceliel

Organign

Brown rots (con't)-
Polyporus spraguei
Polyporus betulinus
Polyporus schweinitaii
Lonsites saepiaria
Tramotas serialis
Hydnum pulcherrimum
Ptychogaster rubescens
Daedalea quercina

fhite rots -
Polyporus tulipiferus

Polyporus anceps
Peniophora gigantea
Poria subacida
Fomes annosus
Lentinus tigrinus
Fomes fomentarius
Polyporus versicolor
Fomes geotropus
Polyporvs abietinus
Fomes pini

Polyporus fumosus
Armiliaria mellea

2g.
15
80
F 4
83
21

82
89
113

130

102
»n
97
9%

100

n
118

123
153
60

64
11

ug. days
132 10
91 12
7 16
9% 10
20 10
2 U
102 14
126 12
137 10
114 8
117 14
115 12
12 204
121 14
85 10
15, 10
161 12
2N 20
92 1.
84 12
2z 204

4 maximum growth noi yoi isached.

pH
3.03
2,40
415
4. 30
4.51
2,38
3.70
2.01

3.90

2.60
2,76
3.5
3.5
4.32
3.47
3.74
4.32
3.89
3.95
1.50
4.82

days pH

12  3.05
16 2,49
20 4.17
12 4.37
10 4.5
16 2246
16 3.95
4 22
& A4S

8 2.60
1 2.9
12 3.54
20 3.5
% 432
8 4.0
6 41
8 4. 50
6 4.6l
12 3.9
10 1,50
16 4.90

weight _ woight _._sisiiz.. __2191&1._._

days
10
12
16
10

10
14
14
12

10

588K &

10

8~ K8K

e o
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TABLE 9
C} COMPARISON Q0¥ SEVEN-DAY GROWTH AND MAXIMU.! GRO- TH IN GLUTAI'IC ACID
Growth given as milligrams of dry weight of mycelium per 70 al, of medium,
averages of duplicate flasks. *Terminal®" acidity means that at the time of
oaxisum myoolial weight.
Seven~day iMaximum
nycelial xycelial Maxisum Terminal
Organise Fejgbt _  welght = _scidity = _acidity
Brown rots - ng. ng. days pH days pH days
Poria incrassata 40 72 U 472 4 5. 27 BV
Poria monticola 86 9% 12 3.20 112 322 12
Polyporus palustris 91 9% 8 1.55 8 1.55 8
Lentinus lepideus 20 23 204 230 20 2.3 0
Fomss su:broseus ™ 83 10 4.00 10 4.01 10
Lensites trabsa 93 104 L 3.54 W 3.5 U
Fomes roscus 36 56 204 3.48 18 3.5 20
Fomes molise 106 112 8 2,12 12 2,64 8
C/ Fomes officinalis 3 31 20/ 452 20 &.52 20
Poria xantha 36 84 12 3.0 20 3.7 12
Poria cocos 30 O 20/ 475 20 475 20
. Poria nigra Wy 1% U 2,30 14 2.30 14
Poria vaillantii Ho growth
Polyporus immitus 18 75 204 2.52 204 2.52 20
Poria oleraceae 9% 137 20 203 20 2.03 20
Poria lutcofibrata 5 36 4OFf 1,50 220 1.5 40
Merulius lacrymans 8 Tl 404 2,90 12 2.95 40
Polyporus sulphureus 10 40 304 5.15 20 5.40 30
! Lensites striste 10 L2 14 4. 20 12 4.26 14
i Coniophora cerebolla 24 32 4% 4.25 4 425 14
Tramotos malicola 38 60 10 2.89 14 3.2 1¢
|
-
L- / maximum growth not yet reached.
==
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TABLE 9 (CONTINUED)

62

COiiPARISON OF SEVEN-DAY GROWTH AND MAXINUM GROTTH IN GLUTAMIC ACID

Growth given as milligrams of dry weight of mycelium per 7C ml. of medium,
averages of dupliocate flasks. “*Terminal® acidity meant that at the time of

maximm mycelial weight.,

Seven-day JMaximunm

xycelial
Qrganjen wolght
Brcan rots (con't) - ng.
Polyporus spraguei 32
Polyporus botulinus 67
Polyporus schweinitsii 37
Lonsites saspiaria 20
Trasetes serialis n
Hydnum pulcherrimum 4
Ptychogaster rubescens 122
Dacdalea quercina 20
White rots -
Polyporus tulipiferus 87
Polyporus anceps 59
Peniophora gigantea 110
Porias subacida %9
Fomes annosus 70
Lentinus tigrinus 9%
Fomes fomentarius 5
Polyporus versicolor 22
Fomes geotropus 59
Polyvorus abietinus 24
Fomes pfni ra4
Polyporus fumosus 18
Armillaria mellea 15

mycelial Maximua Terminal

Eolght cacidity  _acidity
ng. days pH days pH days
4 16 3.60 16 3.60 16
922 12 217 UL 2.26 12
48 16 416 16  4.16 16
3 U 3.7% U 375 VA
125 18 4.5 20 4.58 18
42 18 490 18 4.9 18
132 % 5,03 12 5.10 14
34 18 3.9 % 4.9 18
100 12 4.10 8 4.61 12
1 204 3.9 20 3.9 20
119 14 275 1B 3,00 14
68 12 4,01 12 401 12
83 12 3.95 12  3.95 12
108 18 5,40 16  5.76 18
4 20 5,05 20  5.05 20
82 16 4.49 8 4.8 16
129 16 440 10 499 16
170 18 5,20 12  5.49 18
5, 204 454 U 4.63 20
37 16 1.64 16 1.65 16
33 20 457 10 4.9 20

4 maximum grovth not yut roached.




The following generalisations and comnents may be made resarding the data
in Tables 8 and 9, _

1. Maximm growth is attained in 8 tc 20 £ days, with an average of
12,7 days in malt extract, and an average of 15.6 days in glutamic acid plus
thianine..

2, Except for Fomss annosus, the rate of growth of the funri is greater
in walt extract than in glutamic acid plus thiamine,

3. With two exceptions (Lenzites trabea and Ptychogaster rubescens) the
paximgm amount of growth attainsd is ;reater in malt extract than in glutamic acid
plus thiamine,

L. laximm acidity was attained in from 4 to 20 £ days, ‘/ith an average
of 14 days for the organisms in malt extract, and 14.6 days in zlutamic acid,
On the average then, ii. malt extract maximm growth is reached before maxiwmum
acidity, vhile in glutamic acid the opposite is true. There were, of course,
certain snecific exceptions to this latter statement.

5. Acid was invariably nroduced in both media (original pH 5.,5): in
malt extract (carbohydrate about 0.8%, mostly maltcse), the maximm acidity
varied from oH 1.55 to 4.55; in the glutamic acid medium (glucose 1%), from pH
1,55 to 5.40.

6. The lowest pH (1,5-2,0) was reached by Polyporus palustris in the
malt extra:t and the glutamic acid, by Lentinue lepideys in malt extract, and
by Poria vaillantii in malt extract, Very little acid (pH 5.0-5.5) was formed

by Ptychogaster rubescens or Lentinus tigrinus in the glutamic acid medium,
7. The "terminal" pH values, recorded on the day that maximum growth

wvas reached, show that in general there was a slight decrease in acidity from a

maximum acidity prsvicusly reached,




TILIZATION OF DIFFERENT FCRMS OF ORGANIC
AND INORGANIC NITRCGEN IN SINTHETIC MEDIA

All of this work was done in standerd sheke culture, using controlled
inoculum sizs, p H 5.0 - 5.5, eto., as described in the ssction on Methods,
Because most of the wood rots grew well in shake culture in malt
extract, a 1% solution of this material was used as a "control® against
which growth in tho lmown forms of nitrogen could be compared, Growth
was determined quantitatively in the following nitrogen sourcass 1%
malt extract (control), vitamin-free casein hydrolysate, uree,
ammoniun oarbonate, ammonium sulfate, ammonium nitrate, ammonium chloride,
potassiur nitrate, potassium nitrite, and 23 single amino acids and
glutamine, Bxcept for the malt extract control, the nitrogen source
under test was addod to the basal medium in Table 1, All tcsts ware
run both with and withou! added thiamine (1 mg. pcr liter), exocept
that the malt extract, which containod a variety of vitamins, was
used "as is", Witk the exception of two organisms, which will be
considered later, growth did not taks place in thc absence of thiamine,
and tho summarized data (Tables 10 and 11) show only the results with
thiamine except where othcrwise indicated. The total nitrogen concen-
trations in the solutions of the various hitrogen sources werc as
follows: 1% malt oxtract, 0,004%; DL-mixtures of amino acids, 0.024%;
smmonium nitrate, 0,012% as gmmonium nitrogcn; all others, 0.012%,

For convenience, growth woichts in testv nitrogen compounds are
expressed as percentages of those obtained with the same organism
in thc standard 14 malt extract broth (control). Those weights are an
index of the relativu utilisation of different nitrogen compounds by the
fungi, but the fact that gome growth is present in the third transfer

does not nccessarily mcan that a given nitrogen compound will support
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g-owth "indefinitely"™ in continued subciltiure in that cospouni, Unless
otherwise indicated (by a superscript) the data in Tables 10 and 11
refer to amounts of qrowth ottained in the third, sorial, 7-day sub-
culture in the test nutrient in question. The supersoripts indicate
the numbor cf serial tranafers to which the data applies (see next
paragraph).

For thoss fungi which, after the third serial transfer in a test
nitrogen source, produced less than 50% of the growth attained in the
malt extract standard, serial suboultures were continued (maximum of
nine) until growth either reached a constant amount or the organisms
died out, Usually, three transfers were emough to rule out the "carry-
over" of nutrients by an organism, Experiment aiso showed that if, in ’
the third transfer in a given nitrogcn source, the amount of growth
( was morg than about 50% of that obtained in malt extract, the organism

would continus to grow %indefinitely" upon continued serial transfer

in that nutrient, %hen growth in thc third transfer was lessg than about
50% of that in malt extract, it was found that while most organisms
would continue to grow in further subculture, some eventually died out,

Therefore, although third-trangfer weights may be used routinely (i.e.,
as a preliminary screening) as an indication of the relative ability of

a given organism to utilize a xiven nitrogen source, the third-transfer
woights arc not; in all cases, adojuate oriteria of gontinued growth

in a given nutrient. Therefore, for cach third-transfer weight which

was 1083 than 50% of the growth in malt extract for the same organism,

wo continued serial subculture until thu growth either reached a constant

level or thc organism dies out. Anothor way of indicating this preliminary
( criterion of the nutritional adeyuacy of a nitrogen source for gontinued
growth is to oxpress it in tarms of the amount of growth resulting

from a given inoculum, The woight of our standard inoculum is 0,02-C,03 mg.

w

f



(for 70 ml, of culture medium), and the amount of growth in 7 days

i1 malt extract averages about 100 mg,, which is a 4000-fold increase
in cell substance. By taking 50% of this as the point below which
oontinugd growth in subculture may in some cases be questionable, we
are saying that when the increase in growth is less tnan 2000-fold,
further suboculture beyond three transfers is to be carried out, The
apount of "carry-over" of nutrients by certain organisms may be greater
than with others; also, slow-growing organisms will produce smaller
amounts of growth in the standard 7-day incubation period,

Table 10 summarises comperative data on tha growth of brown rots
and white rots in a variety of organic and inorganic nitrogen compounds,
Table 11 contains data on ths sams organisms in each of 23 amino acids
and in glutamine. Except for melt extract, all nitrogen compounds were
added to the basal medium (Table 1),

The Bh roadings montioned in the hoading of Tables 10 and 11 are
referable to the hydrogen electrode. (Sce later seotion for studies of Eh

of cultures),
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TABLE 10

GROWTH OF WOOD ROTS IN SHAKE CULTURE AT 28°C. WITH VARIOUS
ORGANIC :iND INORGANIC NITROGEN SOURCSES

Growth in 1% malt extract (pH 4.9 (unadjusted), nitrogen®0,004%) given
as milligrams of dry weight of myecelium per 70 md, of medium {standsrd);
growth in test media (70 ml., pH 5.0 - 5.5) expressed as percentages of that
in the malt extract standard, Initial Eh = 4400 to 4500 m.v. Standard
inoculum used. Test nitrogen compounds added to the basal medium (Table 1)
to a total or, with ammonium nitrate, to an ammonium nitrogen concentration
of 0,012%, il1 data are averages of at least clu;—:ﬁcate, 7-day cultures, af-
1 ter at least three serial transfers in the given nutrient, A superscript
4 after a figure shows the number of the serial transfer to which the data

applies; unless otherwise indicated, figures are for the third subculture,

o Malt Casein : L-Glutamic
Organism extract { hydrolysate acid Urea (MH,,)2C0,
Brown rots - mg. £ 4 4 4
Poria incrassata 80 68 49; 519 25; 307 30; 239
Poria monticela 116 83 /A 30; 267 32; 259
( Polyporus palustris 119t 57 82 25; 499 47 439
Lentinus lepideus 80 130 25; 309 0 s 587
Fomes subroseus 99 86 T 22; 547 50; 437
Lenzites trabea 51 71 169 3051017 42; 387
Femss roseus 106 99 33; 287 213 137 405 417
Pomes melise 125 79 8 20 30 29; 317
Fomss officinalis 63 0 0 0 0 |
| Poris xantha 72 96 1ns l+8;609 58; l+69
| Poria cocos 56 89 52; 4,89 22; 4,25 37 h09
Poria nigra 147 85 97 29; 44? 415 357
Poria vaillantii 95 0 0 0 0
Polyporus spraguel 115 85 285307 25; 377 205 267
Polyporus betulinus 80 129 118 38; 6_99 71; 569
()  Polysoras Tietus 88 22; 307 29; 257 1y 217 36s 259

(continued on next page)




TABLE 1¢ (CONTINUED)

C Malt Casein L~Glutamic
Ormspies  sxtrest —sold U ()00,
Brown rote (eomt!d) = ng. £ £ £
Polyporus schweinitsii 57 95 éh 131 627 a9 517
Lensites ssepiaris & 52 25 27 2y 527 s 399
Hydmm pulcherrimum & % s 437 305 289 15 27
Tramstes serialises 221 95 49 507 55 567 39; 377
‘Ptychogaster rubsscensss 89 | 137 19 40; 359 o 7’
Dasdalea quercina 13 |00 35 357 a9’ 50 437
Poria clersceas 123 96 9% 18; 28’ 263 227
Poria lutcofibrata 105 177 | 1005 o* s0; o 0 0
Merulius lacrymans s 297 | 5951077 ;337 2y 287 0 255 287
(' Polyporus sulphureus  30; 437 127 30 2° a0 3y 20
Lensites striata 65; 539 | 66 10 18327 195 317 uk; 529
Coniophora cersbella 655 587 | &9 38 559 35 47 37y 367
Trametes malicola 65 6; &7 e 1 6y 6% g s
White rots ~
Polyporus tulipifsrus 130 50; 527 66 15 477 48y w?
Polyporus anceps 102 96 575 537 15; 347 30; 267
Penigphort gigantea 97 136 12 363 h79 43 40’
Porla subacida 97 62 61 73 167 565 507
Fomes fomentarius 7n % 26; 237 23; 607 215 &
Polyporus versicolor 120 75 80 28; 209 2; 219.
Pames amnosus 9% 92 7 8; 219 53 12°
Lentinus tigrinus 100 9N 9% 1; 257 22; 20°
Fames geotropus 123 99 413 507 18; 257 28; 327
& Polyporus abletinus 153  |106 98 95; 507 323 30°
#1171 gronr rithovt thiamin in the media snoun.

(continued on next page)
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MR 1,139

Orzanisn
Wite rots (cont'd) =

Fones pind
Polyporus fumosus
Armillaria mellea

* aftor "training? (ccntinuod subsuiture),

69
TABIE 10 (CONTINUED)

Malt Casein L~Qlutamic

sxtrect Dhydrolysste __acdd Ures (mg)g‘_’_‘h
ng. 5 % < %
éa 63; &’ ey 709w 58 47 u8d
69 L7 59° 30, 830 17 517 33 36°
m;29 e 57° 0{120}* © 0

(continued on next page)
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Organies

Bruen rots -

Poria incrassata
Poria soaticols
Polyporus palustris
Lentims lepideus
Fomes subroseus
Lensites trebea
Fomes rosous

Fomes melias

Pomes officinalis
Poria xantha

Poria cocos

Poria nigra

Poria vaillantii
Polyporus spraguei
Polyparus betulinus
Polyporus izmitue

Polyporus achweinitsii

Lensites saepiaria

Hydawn pulcherrimm
Irametes soerialis **

Ptychogaster rubescsns**

Daedalea quercina
Poria oleraceas

Poria luteofibrata

(mi )ﬁll N, NO, NH,Cl.

38;
23
33;
31

463
2l
30;

19;
533
30;
4l;
L3;

32;

72;
36;

£
L2;
32;
423
93;
51;
23;
403
33;
19;

543
54;

273
(£}
48;
5T
59;
30;
hhs

953
593

TABLE 1C (CONTIMUED) 70
oy Do
£ £ |
519 o 0 0
3’ 8; * o 0
89 95 O+ o 0
989 20; ok 0 (o]
2 12, ¢ o 0
327 & & o 0
38 23 04 o 0
27 6 ¢ o 0
o* o 0 0
%7 & * o 0
637 0 0 0
UL PR 0
0 0 0
27 3 & o 0
657 9 o o 0
w o 0 0
59 9 o* o 0
559 11; * o (o]
W 4 ok o 0
399 375 339 2248 0 g
79 25 ob 25;¢7 2240
22 o 0 0
299 & ¢ o 0

2;
o

33;
0

#% 117 grauyn cithout thiamin in thc medie

o] 0 0 }

ghoun,

(continued on next page)
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Brewm rots (oont!d) -

Merulius laorymans
Palyporus sulphursus
Lenzites striata
Coniophcra cerebella
Tramstes malionla

White rots -~

Polyporus tulipd ferus
Polyporus anceps
Peniophore gigantea
Poria subscida

Fouss fomentarins
Polyporus versiocolor
Fomes amoous
Lentinus tigrimus
Pomes geotropus
Polyporus abietinus
Pomes pini
Polyporus fumosus
Armillaria mellea

TABLE 10 .CONCLUDED)

(N8, )2%0,

g
26; 49°
37 177
N i’
30; 32°
1 42

82; 447

29; 539
43; 307
475 757

u6; £7°
62; 729

49 47°
165 417
w8 1?
55; 527
37; 357
25; 239
& 51°
32; 327
43; 11?
35; 36
51; 56
bl 517

> i

23 3%

3399

S 0o 0o o o 0o o o o o o

26;07

2030
o

S 0O 0O 0 0o 0o 0o 9 O o o

o

- —— e —=
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GROWTH OF WOOD ROTS ‘IN SHAKE CULTUEE AT 28%¢, IX SINGLE AMINO
ACIDS COMPARED WITH CERTAIN OTHER NITROGEN COMPOUNDS

Grewth in 1% malt extract (pH 4,9 (m%.m), nu.rom a o.oa.s;
as milligrams of dry weight of mycelium per 70 ml, of medium (standard); growth

in test media (70 ml., pH 5.,0-5,5) expressed as percentages of that in the malt
extract standard, Initial Fh & 4400 te 4500 m,v., exoept L-cysteine Eh 3 4100
a,v, Standard inoculum used, Test nitrogen compounds added to the basal medium
(Table 1) W consentration of 0,012%, except Di~mixtures of amino
acids to O, ta are averages of at least duplicate, 7-day cultures,
after at least three serisl transfers in the given mutrient, 4 supersoript after
a figure shows the number of ths serial transfer to which the data applies; unless
othervise 1ndinatod, figures are for the thiyd subculture,

it | hytron |
Organism sxtract | lysate (M,)2C0; Glyoime B-glanine Dl~vallpe
Brown rots - ng. | 4 4 4 4
Daedalea quercina mof 100 505 439 19; 257 w547 e
Fomes subroseus %| 8 52 ™ mn?! o«
Hydnum pulcherrimm Bl 95 15 29 75 33; 620 55
Lentims lepideus s] B1 7 35 377 b W0 54 570
Lensites trabea 611 72 425387 s ) 170
Palyporus palustris ) 7 0 78 85397
Poria monticols w| e 32289 M 2; a7 6
Ptychogaster rubescens™ 97 | 137 90 108 16; 3 208
Tramstes serialish® 126 | 95 38 w40 439 105 267 s aed
imit.o rots -
Pomes amosus & 92 53 129 80 63 89 128
Leatinus tigrinus 106 | 97 22; 207 s 38; 337 96
Peniophors gigantes 104 | 136 46 407 108 12; 189 9
Polyporus anceps Bl 9% 302 & 33; 280 76
Polyporus tulipiferus 20| 50 45 k27 66 i 27 1
Porta subsoida 89| 62 56 55 23; 297 59

* Will grow without thiamine in the media shown,
(continued on next page)
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Organiem
Brown rots -

Deedalea quercina
Fones subroseus
Hydnm pulcherrimm
Lentinus lepideus
lengites trabea
Polyporus palustris
Poria montiocols

TABLE 11 (CONTIMUED)

17 227
52
62
15; 27
113
49; 537
49; 457

Ptychogaster rubescens®™ 105

Tramstes serialis*#

- White rots ~

Fomes annesus
Lentinus tigrinus
Penicphors gigantea
Polyrorus anceps
Polyporus tulipiferus
Poria subacida

823 537

51

78
I8;4c9
48;39°
s 279

Di~iso- DlL-threo~ L-cys~-

deucine Di~serine _nine _ _teine™ tine
% 4 £ 8

26y 199 ;5 267 22 29 17 O 52

W3 397 56 59 0 453 38°

rg 65 67 s & w377

12; 29 25177 19; 20° o u; 1?

%9 118 19 30;.0° 58

50; k6 6k 66 15; 0% 50

32; 287 56 56 18; o 18; 229

92 104 90 9 o* 6 1u?

25; 329 31; 39 295 259 19, 00 165 137

51; 457 s 52 55 o 4 77

54 10 73 15 00 55

70 85 85 10 o0 13 9

39; 329 53 52 n; o 7

39 3’ 57 55 15, 05 275 329

3 297 28; 329 39; 357 & ob 33; 289

#* Will grow without thiamine in the media shown,

#* Eh of medium as used 8 4~ 300 n.v,; L-scysteine utilised by all crganisms at
Eh of 4 400 to ¢ 500 m,v,

(continued on next page)
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TABLE 11 (CONTIMUED)
C
Dl-meth- Dl~asper- I~glutamiec Dl-phenyl- L-tyro~
Orxsnism donipe  tjoacdd __aid  aJapipe sime
Brown rots - £ ] ]
Daedalea quereina 20; 29° 28 29 35 357 32297 24 29
Pomes subroseus a5; 30° 7 ) 54 W 27
Hydnum puloherrimam a ] W &% 39; 357
Lect irus lepideus 15 139 405 299 25307  1;19° 15 10
Lensites trabea 18; 107 17 148 107 ]
Polyporus palustris a 60 87 55; 497 Al A7
Poria monticola 53 76 75 8 529 30; 369
Ptychogaster rubsscens®* 103 17 123 9 s2; 627
() Tremstes serialiste 29; 407 30; 27 495 507 29, 27 ;28
) White rots - .
Yomes annosus 45; 407 € so; 457 31 w7°
Leatims tigrinus 56 ) % 13 51
Pendophora gigantes &k m 110 78 e &1’
Polyporus anceps 50; 400 T3 65 s 38° 22; 327
Polyporus tullpiferus 51 &7 72 75 us; 500 30; 32
' Porla subscida 39; 307 = 58 28; 32° 205 26
(
** Will grow without thiamina in the media showm, ‘
(continued on next page) }
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TABLE 11 (CONTIMWUED) 7
.
L-trypte- L-hydrexy- L-histi~  DL-por-
Oreanise Baps _  lzpgolipe dipe __  lsucipe
Brown rots - £ £ £ £ £
Dasdales quercina 18 229 22 21? 28; 27 32 367 30; 20°
Pomes subroseus 60 T 631 7 4530 3p59
Hydrmm pulcherrimm 65 80 s6; 627 un5u5? e 380
Lentinus lepideus Coagpa?  39; 357 Ay ® 13129 a9 7
lensites trabes 120 137 U0 83 78
Polyporus palustris 65 a 78 38; 437 465639
Poria momtiocis 57 7 575 500 45; 357 a0;27°
Ptychogaster rubescens®™® 100 107 w o % 52
() Tremstes serialisw 220 3ma® oy a0 W
White rots - _‘
Pomes moom 53 % ™ 403327 263429
Leatimus tigrints 4 85 813 317 47683 44339° '
Peniophora gigantes 86 106 69 473517 421397
Polyporus anceps 54 69 s1; 437 31 407 39; 427
Polyporus tulipiferus 54 70 s 297 36 487 355 50°
Poris subscida 385229 52 69 2; 917 28 21 ;
e
#% W11l grow without thiamine in the media shown,
(continued on next page)
" — =3 . - I ey




TABLE 11 (CONCLUDED)

C )
L=aspar-
Oeganism agine
Brown rots - %
Daedalea quercina 213 2‘79
Fomes subrossus 76
Hydnum pulcherrimm 85
Lentims lepideus 50
Lenzites trabea 12
Polyporus palustris 87
Poria monticola (i
Ptychogaster rubescens¥* 93
( _ Trametes serialisw# 39; 359
White rots -~
Pomes annosus e
Lentinus tigrihun 87

Peniophora gigentea 106
Polyporus anceps 47
Polyporus tulipiferus 72
Poriz subacida 55

—

Di~orni~
Glutanine thine
£ 4
2; 217 18 27
8s5; 897 172
33; 407 79
49; 5717 20; 29°
150 134
88 78
803 90? 72
122 124
u8; 52° 255 327
8 72
106 79
129 9
7 65
85 66
8l 51

** Wiil grow without thiamine in the media shown,.

23;

35; 259
45

179
72
69
62; 59°
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From Table 10 certain important generalizations and specific

cunclusions ogn te drawn, as foliows:

1., Malt extract supports contim rowth of all ¢

although Msrulius lacrymang, Polyvorus sulphureus, Poria luteofibrata,
and. irmillaris melleg produce only small amounis of mycelium in 7 days
compared with rest of the fungl., The growth curve date for these species

o
——— - g wese.

ghow them to be slow-growing orgenisms, (see Table 8, above), which
probably explaing their apparently poor growth in 7 uays in malt extract.

2, Of the organic nitrogen sources, growth: of all organisms in
urea was fairly uniformly poor, and in most cases was less than in

ammonium carbonate, ammonium sulfate and ammonium niteate. It is of

interost that most organisms which grow in urea zhiow a marked increase l
in the amount of growth from the third to the nintha serial subculture,
3, Ammonium carbonate, ammonium sulfate and ammonium nitrate are ,
roughly equivalent in their growth-supporting ability. |
4. Generally speaking, the niirogen sources in the vasal medium
support growth in the presence of thiamine but not in its absence. This
inaicates that for most of the fungi thiamine ic neccssary and is the

only essential vitamin, The exceptions to this generslization will be
mentioned below,

5. Poria veillantii, Fomes officinalis and Poria luteofibrata grew

S

only in malt extract: none of the other nitrogen compounds, organic or
inorganic, plus thiamire, supported growth in continusd subculture from
malt extract, This suggests a vitamin definiency in the synthetic media
for these orgariem., Armillaria melloa grew only in cesein hydrolysate

and (eventually) glutamic acid in addition to the malt extract. {See leter

for discussion of special growth conditions for these 4 organisms.).

+

R o

fCoe & &
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( 6. Ammonium chloride supported growth of Trametes se;ialis only,
under the conditions used. (See below fcr the effect of succinic acid
on growth in ammonium zarbonate),

7. Potassium nitrate and nitrite did mot support continued growth
of’ any specles.

8. Both Trametes_serialis and Ptychogasster rubescens grew in their
various nitrogen sources in the complete absence of thiamine, although

Kk

the growth weighte attained were nearly all (evception: P, rubsscens in
NH‘NOB) less than 50% of those in malt extract, and were always less than
the corresponding weights in the presence of thiamine. These figures
indicate ability to grow without thiamine, although at a slower rate,

9. Some organisms grew outstandingly better in certain nitrogen
sources than they did in malt extract: for example, Lenzites trabes in

(il glutamic acid; Leatinus lepideus in casein hydrolysate; Polyporus

betulinus in casein hydrolysate and in glutamic acid; Ptychogaster
rubescens in casein hydrolysate and in glutamic acid; Polyporus
sulphurgus in casein hydrolysate, and Peniophora gigantea in casein

hydrolysate.

{
A— == e —
; T h.*jJ
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From Table 11 the t:olloung generalisations and conclusions may be
drawn for the organisms tadulated therein,

1. Generally, each of the amino acids singly in the basal medium
was able to support growth of the organisms in continued subculture
"indefinitely”, although there were wide quantitative differences in the

amount of growth so obtained. Exception: L-cysteine (see section tslow om Fh),

2, As among the various species of fungi, Trgmotes seriglis ,
lentinus lepidous and Dgedglda guercing grew most poorly in the amino acids.
3. The best growth in single amino acids (with thiamine) was

obtained with [ensites trabes and Piychogaster rubescens: in certain
amino acids 1% to 2 times as much growth was attained as in mslt extract.
For example, Lensjtes trabea in glycine, aspartic acid, glutsalc acid,
proline, hydroxyprcline, asparsgine, glutamine, ornithine and arginine;
Ptychogaster rubescens in valine and in glutamic acid.

4. Only Tramotes serialis and Ptychogaster rubescens grew in the delete
continied transfer in each of tha arino acids without thiamine, although

the amount of growth was less than a 2000-fo0ld increase and was invariably
less than in the oresunce of thiamine.
ce (2] tudie trogen com .

As regards the additive effect of amino acids, a limited amownt of
work witn Polyporus palustris indicates that in general optimum growth
is obtainod with a mixture of several amino acide rather than any ome.
For oxample, if to thc basal medium plus glutamic acid is alded aspartic
acid and/or valine wad/~r arginine and/or proline, there is a successive
increase in tho resultant growth for each additional amino acid usod,
within 1imits, even though the total nitrogen in each medium is tho samo,

This observation suggests why, in general, more growth is obtained in the




&

—
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aixture of amino acids present in casein hydrolysate that in single
anino acids. ( Tables 10 end 11) Ve have not determined what is a full

complemont of amino acids even for Polyporus pelustris.

Atterpts wore made to grow P, palustrip end P, tulipiferug in nitrate
and nitrite. Because ncme of the fungi grew in the basal medium with

thiamine and nifrate or nitrite (Table 10), it was thought possible that
othor vitamins were needod for growth. P, palustrip and P, tulipiferus
were investigated in this regard, using sodium nitrate and sodium nitrite
separately in the basal medium with tbismine (1 mg./liter), and adding
the following nutrilites in various combinations: ribollavin, pyridoxine,
pantothenic acid, niscin - 1 mg. per liter; biotin, folic acid - 2 gammas
per liter; guanine, adenine, uracil ~ 13 mg. per liter; guanylioc acid,
adenylic acid, sodium nucleate, xanthine - 20 mg. per liter; choline,
inositol - 2 mg. per liter,

In neither nitrogen compound with any combinstion of nutrilitos
was there growth even in the second transfer, end often not in the first
transfer from malt extract. Assuming that the total comcentratica of
nitrogen was not too high to bs iuhititory (120 mg. N per liter for
nitrate or nitrite, plus as much as 65 mg. K per liter for the nutrilites),
it seoms clear that these organisme actually lack a biochemical machanism
for utilisation of nitrogen in the form of nitrate or nitrite,

With the axception of [remetes scriglis, none of the wood rote
grew in continued subculture in the basal medium with ammonium chloride
as tho source of nitrogen (Table 10), It was found by chance that when
a trace of succinic acid was added to some of the cultures in the
ammonium chloride medium, growth took place. Tho following have becen
found to grow in continusd serial suboulture (6) in the basal medium

(Table 1) plus ammonium chloride (0,012% nitrogen) plus succinic acid
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(10 mg. per liter): Poria luteofibrata, Polyporus palustris, Lenzites
trabsa, Tranetes seg}glié, Poria monticola, Lentinue tigrinus, Polyporus
ggggég, Ptychogsster rubescens, Peniophors gigantea, Hyduym pulchirrimum,
Lentinus lepideus, and Poria subacida. The following orgenisms would not

continue to grow in the indicated medium: Fomes_annosus, alea

guercina, and [PFomes subroseus. They died out in the 4th, 2nd and 3rd
serial transfers, respectively. Growth in other inorganic nitrogen
sources, such as ammonium sulfate, ammonium carbonate and ammonium nitrats,
was accelerated or inaeagdin total smount by the addition of sucsinic
acid. Explanation of this phenomenon may be theinitiation or acceleration
of the Krebs cycle by the succinic acid. As a matter of interest, follow-
ing the effect of succinic acid on growth in ammonium chloride, the

effect of succinic acid was tried in the basal medium plus ammonium
carbonate, in which some growvth of nearly all organisms had previously
been observed. Data for seversl species are shown in Table 12. It is
oevident that therc is some growth stimulation in all cases., Succinic
acid increases the growth of Fomes annosus some ll-fold, of Lentinus
tigrinus nearly 4-fold, and doubles the growth of Peniophora gigantes,
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Ré-onr=248, T, 0. II,
MR 132-159

TABLE 12
EFFECT OF SUCCINIC ACID ON CPOWTH OF CERTAIN WCOD-ROTS IN SYNTHETIC
MEDIUM WITH AMMONIUM CARBONATE

Basal medium plus ammonium carbonate (0.012% nitrogen) plus suc-
oinic acid (10 mg. per liter), 5.0 - 5.5. Growth in 1% malt ex-
trest (pH 4.9, nitrogen 2 0.004$) given as milligrams of_dry weight of
mycoliuam per 70 al. of medium; growth in test medium (70 nml.) expressed
4s perqentagés of ‘that.in the malt éxtraci, all data aro averages of
duplicate, 7-day, third-transfer cultures., at 28°C,

Bagal wedium
B-:::\l- (wg,) ,C0,
Organisn :;%.:m (llli) 2003 m{:u acid
Brown rots - ng. 3 4
Folyporus palustris 110 45 57
lensites ‘rabea 62 39 48
Trametes serialis A 120 42 56
Poria montisola 110 30 45
Ptychogaster rubescens 87 86 102
White rots -
Polyporus tulipiferus 125 42 59
Tomes annosus 95 5 66
Lentimus tigrinus 95 24 80
Polyporus ancepe 11 32 47
Peniophora gigantca ox 44 85
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Utilisation of amino acids as gardop sources was studied with two
fungi, P, pasustris (brc;vn rot) and P, tulipiferup (white rot)., These
wera tested for growth in shake cult;xre in the basal medium minus glucuse,
but with various single aminc aoids as the sole source of nitrogen
and carbon, Growth in continued subculture ¢id not ocour in any of the

amino acide testad, vis: alpha alanine, beta alanine, l-arginine,

l-asparagine, dl-aspartic acid, l-oystine, l-glutamic acid, glyoine,
l-histidine, dl-iscleucine, dl-leucine,l-lysine, dl-me‘hionine, d-norleucine,
d-ornithine, dl-phenylalanine, di-serine, l-tryptophane, dl-waline,

Utilfsation of l-glutamic acid as a nitrogen and carbon source by all
43 of our fungi clso was investigated. All of the cultures were grown
in shake culture in the basal medium minus glucose, but with l-glutamic
acid (carbon concentration equivalent to that in 1% gluscose solution)
as the soloc source of carbon and nitrogcn. None of the species grew
in continued subculture in this medium,

To detemﬁ:e the utilization of 1~ and DL- forms of amino acids,
each of ten organisme was cultured in th> basal medium with L- and DL~
tryptophane and with L- and DL-lgucine at various levels as the only
source of nitrogen. The results (Table 13) indicate that only the natural
(L~ form) of tho amino acids is utilised, a not unexpected finding.
(It was for this reeson that racemic mixtures (DL-) of amino acids were
always usod in a toial nilrcgon concentration (0.024%) t—ice that of
cthor nitrogen compounds (0.012%) in Tables 10 and 11), If only the
L~ form of the acid is utilized, the amcunts of growth for each organism
in Table 13 should to the same for the L- and the DL- forms, since the
latter were used in double the concentration of the former. This is
seen to be the case throughout, although at the highest nitrogen levels

(above optimum conccntration) slight deviations are apparent,

< |
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TARLE 13

UTILIZATION OF L~ AND DL~ FURMS OF AMINO ACIDS

Based om Avy woisht of mycalium produced in 70 ml, of basal medium (Table 1)
plus the indisated nitrqgen source, Initial pHl approximately optimum for each

species, Concentratioms of axiuno acids exprossed as percomtiges of nitrogen,
DL~ amino acids used in doubls the concantrations of the L-forms, inocu-
lum used, Data are for duplicats, 7-day, third<ransfer suitures,
| L-_amd DL~ tryptophane

£ amino nitregeni. Jmelial weight-uillizrens

Bg. Ng. Nge Ng. nge 2. ng, ng. nge ng
0,000, O0,0008{ 18 10 5 7 18 18 2 5 1 12
0.0008 0,0006 | 17 18 B » 2 22 8 11 U 15
0.,0015 0,003 2, 2 V14 7 32 33 12 12 19 2
0.,0030 6,000} 31 35 W 38 38 39 16 17 20 2
0.0060 0,020 | 5, 56 52 5 5 57 32 35 30 32
0,0120 0,020 ) 60 62 65 _ 62 70 7 40 [N 32 35
0,020 OOh8BO | 79 & " 122 ak 89 A9 56 58 6h
% amino nitro R Mycolial weight-nilligrems

of P, mon L. ) 4 | 4

L~ acid DL- scidf < _‘WE |

ng, &g, ng. Rge nge Bge ng. ng. ng, Nge
0.0004 O0,0008! 18 16 15 15 18 17 30 28 a 26
0,0008 06,0006 | 20 18 30 32 2 25 n 50 38 39
0.0015 0,0030 20 2 42 bhy 25 28 62 60 LO W2
0,0030 5,0060] 38 38 60 59 32 32 76 ™ 5 5
0,0060 0,0120] 42 43 65 87 N 45 a4 87 7 N
0,0120 0,020 ] 65 &9 78 79 50 52 95 98 89 9 '
0.602,0 0,480 82 9% 88 100 59 77 132 176 11 128 )

X - - '

(continued on next pags)
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TABLE 13 (CONCLUDED)

I~ ad DL~ leucine

| % smiro nitrogen . Mycelial weight-milligrams
RPN i

0.000 00008 | & & % 3 % %
00008 00026 | 26 17 17 18 a 2 8 10 8
0,005 0,003 | 27 28 2 2 30 3% % 18 16 1

00030 6,000 | 38 4 31 30 38 38 2 29 20 22
10,0060 0,020 | 50 S kb k5 W 45 38 3 A 25
joM20 00U | &2 T 5 0 & & B o B
jo.cu0 o0 | 63 92 &2 1O 92 %k 9 W A9 %%

% amino nitrogen _)ggolul weight-milligrams

1~ acid DL— soid F & ﬁ EE g &
RZ. o

0.0004 0.0008 | 12

6.0008 0,0016 2 25 16 16 8 10 20 2 38

0.0015 0,0030 3l 32 28 30 16 15 38 1'% 54 52

0.0030 0,006C 40 L ba bl 22 2 4l 43 62 65

0,0060 0,0120.{ 48 50 58 38 Lo 72 T 70 68
0,0120 - 0,0240 58 62 68 72 43 45 98 il¢ 75 79
@.0240 0.0480 | 73 85 98 120 64 72 183 199 96 122

3




OXIDATION-REDUCTION POTSNTIAL (Eh) STUDIES OF SHAKE CULTURES

Although it was known that the wood rots were aerobic rather than
anurot;ic, and grew woll in ordinary oxidised medis (4-Eh) exposed to
tbe air, nothing was known of their avtual relatioms to redox potential
in shake culture, In this regard, thon, determinations were made of the
Eh of 211 media before inoculation, and a study alsv was carried out
of thc Eh changes in shake culture during growth, Eh readings, particularly
in cultures exposed to the air, are nccessarily inconstant, even varying
widoly among rsplicate flasks, so that the data are indicative of
typical readings rather than showing acourate values. Further, as is
well kmown, Eh varies with pH, and since pH was not constant under
various ocultural conditions, the b values are not strictly comparable
on a constant pH basis,

Table 14 shows typical initisl Fh and pH readings bofore inoculation
for most of tho media used in Tables 10 and 11, Th: media werc autoolaved,
sgitatod on the shaker for one hour, then allowed to stand for one-half
hour before Eh roadings were made. This proccdure simulated the conditions
preceding the inoculation of a flask in routine nutrition studies,
Examination of Tablc 14 shows that all =.dia except that containing
L-cystoine had relatively high oxidation-roduction potentials, tho th
in most cascs being in the range of ¢ 400 to 4 500 millivolts (m,v.).
L-cystecine, a strong rcducing agent, gavc a relatively low Eh of about
<+ 350 m,v, It is evident that tho modia in which our fungi grow well
ar> quite highly oxidised., Complote studies have not boén made of the
limiting Eh for growth, although ths rcsults with L-cystoine (see bolow)
indicate that none of thc fungi oxcopt Armillarie mellea (sce bclow)
grow well at an Eh more negativo than about 4+ 400 millivolts,




TABLE 14
. INITIAL OXIDATION-REDUCTION POTENTIALS OF UNINOCULATED NUTRIENT MEDIA

Badia and/or nitrogen components of media are those used in Tabdles
10 and 11, Nitrogenous Somponents added to basal medium (Table 1) to
0.012% total nitrogen, except ammonium nitrate to 0,012%
nitrogen, and DL~ amino acids to 0.0Zﬁljﬁﬂ nitrogen. Me autogclaved,
shakon for ona hour, and allowed to s one-half hour prior to Eh

determinations. Eb re=dings based on hydrogen electrode,
Medium or Aversge £
—Component ___ _pH___
-t volts - vo
Malt extract (1%) 4.85 431 426 - 436
Casoin hydrolysate  5.45 466 440 - 476
Urea 5.40 436 431 - 438
(NEg ) ,COy 5.50 416 350 - 421
(uu‘) 230‘ 5.50 446 436 - 1.61
m‘noa 5.48 456 433 - 466
| KR.C1 5.42 410 406 = 425
( Glutamic acid 5.52 a7 43 - 42
' Glycine 5.29 506 496 - 517
B~ alanine 5.38 456 446 - 4T
L~ loucine 5.2 466 447 ~ 476
L~ cysteine 5.45 356 345 - 368
L- oystine £.25 396 39, ~ 406
L~ tyrosine 5.30 441 436 - 456
L~ tryptophans 5.35 456 451 = 461
L~ proline 5.30 476 470 - 48B4
L. Bistidine 5.29 433 426 - 438
L- asparagine 5.45 486 466 - 500
L~ lyrine 5.29 440 431 -~ 451
L~ arginine 5.40 491 484 - 498
I DL~ valine 5.42 501 483 - 504
DL~ isoleucine 5,28 464 457 - 470
‘ DL- serine 5.31 477 469 ~ 486
DL~ throonine 5.30 476 467 - 483
( DL~ methionine 5.30 428 422 - 440
- DL~ aspartic acid 5.45 496 491 - 507
DL~ phenylalanine 5.42 485 LN - 1M
DL- norleucine 5428 486 476 - 501

Di~ ornithine 5.18 507 504 - 515

-




m—

e8

A series of studies of tha Eh changes in shake culture during the

growth cycle of ome to ihres weeks, depending upon the organisz, have:

ialded 1ittle consistent or significant data. Prosumably because of
being continuously aerated, shake cultures did not show the striking
drop in Eh which is charactoristic of microbial growth in statiomary
cultures, In general, daily Eh readings were rath-r varisbls as regards
replicate samples, tho samc medium or the samo organism, and showed
little oonsistency relative to the Eh trend in growing cultures. Much,
perhaps most, of this variation was a reflaction of tho incomstency of
the detormination itself, in cultures in which there was a continual
intorchange of gases with the atmosphere. It appears that except in
special casca, routinc Eh determinations in culture ars not significant,
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- of nitrogen under an anvironmental condition comparable with that for

hble 1 ohon that none of the funga used grow in the basal medium
nlm L—mto.me through very many serial suboultures. Studies of the Eh
of this medium yielded the explanation for lack of growth, This amino
acid is coasonly used in bacteriological media to obtain peduced conditions
for tho grovth of agserobeg, and in our work produced an Eh too low
( =350 m.v.) even in aerated culture, for growth of the aerobic wood
rots. All other amino acid media were more highly oxidised, with an
Eh of ¢ 500 m.v, (Table 14). Good growth of ton organisms tested was
6bta1ned when ascorbic acid, an oxidising agent which is not utilised
but which inoreases the Eh, was added to the gysteine modium to oxidise
it to an Eh of 4-450 m,v, Growth also could be obtained by decroasing
the corcentration of cysteine, resulting in a loss reduced medium, It
is apperent, then, that L-cysteine is a nutritionslly ~ utilisable form

the other amino acids, i.e., in a highly oxidized medium,

'An exception to the above statement that the organisms require a
highly oxidired medium for growth is pgrmjllaris mellea, which was studied
separatoly, because it originally apparently did not utilise amino acids
(sce Table 10) and therefore was not studied in Table 11, Good growth
of this organisz was obtained only in a less highly oxidised medium,

For example, tho basal medium plus oysteine in a concentration of 0.024%
total nitrogen, Eh about 4-300 n.v,, supported growth comparable in
amount to that of other wood rots in highly oxidised media. Thus,

what appear to be different putritional requirements of certajn organisns
Bay in somo cases bo a eflection of specinl gnyiropmental requirements. {




DEVELOPMENT OF SYNTHETIC MEDIA " CPTIMAL® FOR GROTTH
The original basal synthetic medium (Table 1) supports good
growth of most of our fungi (excenrtioms: A, m;w‘l;gg, P, valllantid,
P, luteofibrata, F, officinalis (Table 10)), but probebly is not

O

qualitatively or quantitatively optimal for any species. It suould

be regardcd as containing the minimum essential nutrients in useable
conoentrations, It seemed dcsirable to develop, for some of tho organ-
isms, synthetic media which were at least quantitatively optimal in
the minimum ossential nutrients, rathor than constitutents which
cnhance growth, but arc not essontial,

The ®triangle® (3-variable) method (Hil25brandt otal, 1946) was
used as a basis for determining the optimal conoentration of each
nutriont in tho presence of tho others, for the constituents of the
original basal modium plus glutanic acid as a source of nitrogan.
Modifications cf thc triangle mothoé —— the 6-variable and 12-varisble
systems -—— slsc worc develaped and used., All work was oarriod out in
shake flasks and with tha other techniques given under Methods.

In tho triangle method (Pig. 5), coucentrationa of three nutrisnts
are varied simultancously (keeping the conoertrations of other constituents
oconstant), usually doubling the concentrations stepwise within thc renges
covercd, For the first approximation to the optimal concentration of
cach of the throe varieblcs (o.g., glucose, glutamic ceid, thiamin)

a wide range of concentrations was used, and thc optimum coancentration
was given by the flask showing the greatcst amount of growth (dry woight

of mycslium)., Closer and closor aoproximations to the "trusa® optimum

the optima first dotermined, Aftor the optima for the first throe nutrients

werc established with the desired accuracy, the optimal concentrations of

_———— e
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ae oM o t the o concentrations

of three variables in nutrition studies.

Given thyee nutrients, £, B and C: it is desired to dstermine
the optimal concentration of each in the presence of the others.
Ten flasks are set up as shown (0) in the lar7e triangle, each
flask containing the indicated relative concentrations (la, 4b,
2c, etc,) of substances A, B and C. For the first approximation
of the optimum, each subastance is used in ¥, 2, 4 and 8 times
some chosen concentration of A, B.and C, as shown in the snall
triangles, The¢ small triangles are, in effect, superimposed
te form the large triengle, The absolute values of ls, 1b and
lc need not necessarily be the same, The first approximation
to the optimal concentrations of the three nutrients is given
by the flask (combination of concentrations) which produces the
greatest amount of growth, Closer and closer approximations
may then be obtained by using other or narrower ranges of con-
centrations about the optima oreviously determined, A rreater |
or lesser number of concentrations (flasks) may be used in a |
get than is illustrated above,

FIGURE 5

Reference': Hildebrandt, Riker and Duggar, Am. J, Botany,
o 33, 591-97, 194,
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another sot of three nutricnts were dstermined in the same manner,
keeping constant tho optima first determincd., Theoreiicelly, at
least, the procedure may be repecated, using all possible combinatiomne
and concentrations of nutrients, until an absolute uptimal medium for
an organism is reached, ¥ith this triangle method we have used either
5 or 7 concentrations of each of three variat es, which required 15 or
28 flasks, respectively, per run,

In tho triangle mothod the variables are run only in groups of
threé, so that interaction of epoh nutrient of the gomplete medium with
all of the others cannot be studied at the same time. Ths 1l2-variable
ayatel.waa dosveloped so that concentrations of all 12 constituents
(including pH) of tho basal medium could be varied and studied simultan~
eously, Six variables (glucose, glutamic acid, thiamin, potassium
phosphate, magnosium sulfate end pH) wore used in 13 concentrations, and
the othar six (sinc, iron, manganese, molybdenum, copper and boron)
in 9 concentrations. This roquived 43 flasks por run, and more and
beticr data wes obtained in less time than with the triangle mothod,

The 6-varieble system is similar to ths 12-variabls method,
excepf that the trace clements are not included es variables. Quantitative
optima were established for ths trace elemcnis by the 12-variable
systam, It was found, hovever, that tho othir six constitucnts had e
rolatively much grenter effect on growth, so that for all practical
purposes the concontretions of trace clemonts in the original basal
medium wero "optimum”, Hence much work could be saved in developing
"optimal® media by studying only the six othcr constituents, Using 2
conoentraticns cf cach of theso six variadbles, 37 flasks per run wvere

required.
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We have developed nore nearly optimal media for 9 orgenisms, using
the same concentrations of trace cloments as in the original basal
medium, but varying the concentrations of the othor conatituents., The
results are shown ir Table 15, basod on the 6-varisble method. Very
similar data have been objained with the triangle and the 12-variable
zithods,

It is apparent that even in these “optimal® media which contain
only essential nutrients, there are very large increasas in the amount
of growth ccmpared with the "standard" (original) medium, This veries
from 3-fold with D, quereing to 37-fold with 4, mellea, From the data
obtained by the various methods, it has boen found in general that the
faotors most critical in increasing growth are the concentrations of
glucc. ~. nitrogen and potassium phosphate, and to some exteﬁt the

proper ratio of potassium phosphate to magnesium suifate.

s
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TABIE 15
“OPTIUAL® MEDIA FOR GROWTR OF CERTAIN WOOD-ROTTING FUNGI IN SHAKE CULTURE
Criterion of "growth® is dry weight of mycelium produced per 70 ml,
of mediua in 250-al, Erlenmeyer flask, °®Initial pli® is that of medium

before inoculation and is optimum for each organisa, Temparaturw of in-
cubation = 200C, Six variables (all except trace elements) run at same

tinme,
4 ::coqooit.ioo of -g.i.n optimal for indicated
medium i Po. pale L. D, quer= T. ser- F, sub-
Constituent (Teble 1) | ustris fradea  cim  ialis  roseus
Glutamic acid # 0,012 ! 1l 0.02 0.04 0.12 0.08
Glucose * ‘ 1,00 | 120 8.0 10,0 16,0 10,0
(' mapo, 015 | o5 0.4 0.4 0.5 0.6
“0‘ hd 0.085 0.05 0.1 0.1 0.05 0.04
Thianine *# 1,00 20 40 3.5 [de5 5
Zn " 0.07
Fo #¢ 0.05 '
Mo == 0,0 ; Same as in original basalL maciun (§)
B *e 0. id ‘ ,
I *e 7 Cl |
Cu ## | 0, ). /‘
Initial pH 5.5 5.2 L9Y 8 4.8 4.5 4 2
Culture age, days 7, L L 7,04 u 7 14
M. growth in A 45 7|92 152 & 7%
Mg. growth in B 402 652 |735  4R2 789 298
L Growth, B/A x 100 894% 836818008 217% 1145% 403%
® Expressed in £. For glutamic acid, as § nitrogep.
#*#% Expresssd as mg., per liter of medium,

———— e,
A, I ] -
—
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MR 132-159
A

‘Original

basal
Coastitusnt (;:g?n
Glutamic acid # 0.012
Glucose * 1.00
KBoPO, * 0.15
ugso, * 0.05
Thiamine *# 1.00
Zn *» 0.07
Fo % 0.05
Mo ®*# 0.01
B 0.10
Mn * 0,01
Cu &# 0.01
Initial pH 5.5
Culture age, days 7, 1;, 21

Hg. growth in §
Mg. grouth in 3

Growth, B/A x 100

95
TABIE 15(CORCLUDRD)
B
Compoeition of media optimal for indicated
white rots .
_|F. geo= P, tulip~ A, mel- L. tig-
‘I tropus iferus lea rinus
0.12 0.14 0.06 0.10
4.0 20,0 14.0 12.0
0.8 0.4 0.3 0.6
0.025 0.1 0,2 70,04
1.5 1,0 3.0 2.0

)

i

» Same as in original besal medium (})
: .

[

~

5.2 6.0 5.0 5.4

7 7,| 14 2 7
125 66 | 90 25 %0
1350 259 1552 925 924
1080% 3928, 613%  3700% 1025%

* PExpressed in %, For glutamjc asid, as § pitrogen.

#% Exprossed as mg, per liter of medium,




SPECIAL GROWTH CONDITIONS OF CERTAIN YOOD ROTS

It will be noted from Table 10 that three organisms -—- P, offioiralis,
Eavaillaptisi and P, luteofibrats -~ could not grow in any medium
(nitrogen source) except malt extract., In addition, 4, pplleq 4id not
origiraily grow well even in malt extract, and did nct originally grow
at all in the glutamic acid medium or other nitrogen scurces except
casein hydrolysate, The special growth requiroments of those form
organisms were therefore investigated.

Ths poor p'ovfh of A, melleg apparently was due to a combination
of factors, First, continued subculture so "trained"™ the organism
that fair growth was finally obtained in malt extract and in glutamio
acid modium (Table 10), The mechanism of this training was not investi-
gated. Secondly, poor growth rosulted in part from the too high degroe
of axidation of most media (Eh = 4400 to 4=500 m,v., Table 14),
Good growth was obtained in the synthetic medium with cysteine (Eh =
+4-300 m.v.), which is a reducing agent, a3 mentioned above in the section
on axidation - reduction potcntials, _

Growth of P, luteofibrata was limited in malt extract (Table 10)
and the organism d‘¢s cut vporn subculturo in the other medie, Lack
of growth apparently i3 due .exrgely, at lcaat, to acid production,
Daily pH readings siiowed tha* the pH drops very rapidly, acid being
produced as thy resuw’ ! of only a few milligrama of growth, By raadjusting
the pH at 2-day intervals to thc original pH 5.5, good growth was
obtainod in a variety of mcdia, 4 buffer solution sufficiently concentrat-
ed to maintain the original pH inhibited growih cf the organism,

As rocavrds thc poor growth of KM and P, _cfficinalis,
cortain essontial nutrients werc lacking in the original basai medium,
This was detcormined by developing speoial synthotic media based on the *
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“standard® medivm, These media are shown in Table 16, where it is
seen that both orgenisms recuire adenine in tho basal medium, and

that P, valllantif has additional minimum requirements for diotin and
riboflavin in addition to thiamin,
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TABLE 1.6
SYNTHETIC MEDIA FOR WOOD=-ROTTING FUNGI NOT GROWING IN SSTANDARD® SYN-
THETIC MEDIUM
! - ' )
Original Composition of media for growth of indi-
basal cated fungi. All cultures 14 days old,
Constitu-nt (.;:;1“: 1) ?. officinslis P, vaillantii
Glutamic acid * 0,012 0.10 0:06
Glucose * _ 1,00 10.0 10,0
xn,;o‘ . 0.15 0.7 0.5
MgSO 4 » 0.05 0,03 0.05
Thiamine ** 1.00 2,0 3.0
Zn ** 0.07 \
Fo &» 0.05 '.
Mo #¥ 0.01 as in basal original medium {4)
B #e 0.10
Mn *» 0,01 :
Cu »# 0.01 /
Adenine ** o 18,0 20,0
£dditional Biotin -~ 2 gamna per
requirementa 0 0 liter.riboflavin »=
2 mg. par liter
initial pH 5.5 45 50
o
M ortract 63 %
! Mg, growth in § 296 1ns
| Growth, B/malt ext. x 100 - 470% 1208

* Expressed in %, For glutamic acid, as § pityroren.
*%* Expressed as mg. per liter of medium,

A ——— % & by s “s T
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VITAMIN RELATIONSHIPS IN SYNTHETIC MEDIA

It hes already be;n found that: 1, I, seriplis and P, rubescens
require no vitamine in synthatic media (Tables 10 and 11), 2, A4ll
other species studied require thismin (Tables 10 and 11), although
Pe palustris and P, tulipiforus, at least, can substitute biotin for
thiamin (Table-4). 3. Vitamins and nutrilites other than thiamin
may stimulate growth, tut generally are not essential (Table 4).
4. Fo officinelis and P, vaillaptii requirc sdenine in additien to
thiamin, and the latter also needs biotin ana riboflavin, Further
studice have been-made of some of these relationships of vitamins to
growth,

Substitytion of biotin for thiamin, Following up a previous observa-~

tion that with two organisms biotin could be substituted for thiamin,

we have studied the rest of our wood-rotting fungi in this regard in
the Basal.medium with glutamic¢ acid but without thiamin, Preiiminary
studies showed that 2 gemmes wmor liter of Lioiin gave approximatly
maxirmum growth, so this concentrationm was used throughout, The resuvitis
are tabulated in Tabie 17. For most organicms, biotin gave continued
growth in serisl subculture, although the amount of growth at the end
of 7 days!' incubation was not usually as grcat as with thiamin. Certain
organisms died out in biutin, namely, L, secopiaria, P, beiulirus,

R.-immitus, B. cocos and P, incrasgata, P. luteofibrats, A. mellea,
F, officinslis and P, vaillantii which have special nutrient regquiremeuts

(see previous section) did not grow at all with biotin. These results
suggest that most of the organisms have two metubolic pathways for their
basiec motabolic activitiss, Microblological essays for thiamin were

carrioed ouV on ail culture filtratcs before and after growtih, but no
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TABLE 17

EFFECT OF SUBSTITUTION OF BIOTIN FOR TMIAMINE ON
GROWTH OF WOOD ROTS IN SHAKE CULTURE AT 28°C,

Basal medium (Table 1) plus glutamiec acid (to nitrogen ef 0,012%), with
thiamine (1 mg., per liter) and with biotin (2 gamma per liter) substituted for
thiamine, Medium was adjusted to approximately optimum pH for each owganism
(see Table 7). Standard inoculum used, Growth response expressed as millisrams
of dry weight of mycelium per 70 ml, of medium, All data are averages of dupli~
cate, 7~day cultures, Figures for growth in thiamine are third-transfer data; -
for growth in blotin, Column A is third-transfer and Column B is ninth~transfer,
unless otherwise indicated. A superscript after a gero shows the number of the
gerial transfer in which growth died out, '

elial weight - milligrams

with with
Qrganiss thiamine biotin
Brown rots - 2 =
Coniophora cerebella 2L 20 17
Daedalea quercina 19 18 20
Fomes officinalis 0 0 0o
Fcmes meliae 95 é5 62
Fomss roseus 32 1% 2
Fomes subroseus G i1 560 54
Lentinus lebideua 20 12 1,
Hydnum pulcherrimus 2l 22 21
Lengites saepiaria 18 5 o
Lenzites striata 10 . -6 2
Lengites trebea 89 23 32
Merylius lacrymans 33 Q 19
Folyporus betulings 86 5 s
Polyporus imaitus 2, 3 &
Polyporus palustris 86 L5 51
Folyporus spraguei 28 29 5%
Palyporue sulphureus 36 29 28
Polyparus schweinitzii 35 22 22
Poria oleraceae 11¢ Vil 75
Peria ceccs 3e 9 9“‘
Por{a incrassata L5 0* 0

(continued en pext page)
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TABLR

raapln thiamipe bigtin
Brown rots {cont'd) 2
voria luteofibrata IR ¥
Peria montioola 9e 62
Poria nigra s 30
Poria vaillantii o (]
Poria xartha 70 59
Ptycnegaster rubsscene 128 67
Tremetes serialis 40 28
Tridmetes malicola W3 22

White rots -~

Armillaria msllea 0 0
Poues annosus 66 39
Femes fomentarius I\ 5
Fomes geotropus 58 30
Fomes pini 30 18
Lentinus tigrinus 3 16
Peniophora gigantea 15 40
Polyporus abietimue 134 2
Polyporus fumosus 20 25
Polyporus versicolor 92 8,
Poria subacida 60 28
Polyrorue anceps 54 27
76 34

Polyporus tulipiferus

17 (COMCLUDED)

31

TYIBNLELR o
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thicmin was found, Thisain assaro of the mycolium of the organisss

aftor growth were aontwiat 1ncon§lnlivo, as good digecsts of the

mycelium could not be made. The assay data indicate that a few

organisms contain traces of tidamin in the mysclium, but apparentiy
approcieblc quantities of thiamin are not synthesised during growth with
biotin,

Previous preliainary
data had suggested that certain wood rots could utilise one or the other

component of the thiamine molocule, instead of requiring the whole
molecule., Tests with 15 selected organisms were run to investigate
this point, using ths basal medium plus glutamic acid., The following
were added scparatcly to this mediums thiamine (control), thiasols,
*pyrimidine® (2-methyl-5-bromomethyl-4-aminopyrimidine dihydrobromide
irstead of thc chloride), and thiazole plus pyrimidine. The thiazole
and pryinidine were used in concentrations eguimolar to thiamine. Tho
results are tabulated in Table 18.

It is apparent that thc organisas fall into five groups as regards
their ability to utilise thiarine components. Group ] organisms require
the whole thiamine molecule; Group 2 organisms can grow in thiasole plus
pyrimidine, but not in either of thc separate componcnts; spovies in
Group 3 utilize thiazole plus pyrimidine, and thiascle alone,‘but not
pyrimidine alono; Group 4 species grow in thiszole plus pyrimidine, and
in ryrimidine alone, but not in thiasole alone; Group 5 contains species
which can utilize thiasole plus pyrimidine, thiasole alone, or pyrimidine
alone, in addition to the thiamine molecule. These groups are
reflectiors of various synthetic mschanisms in the different species

of brown and whitec rots.




TABLE 18 . 103

(—; EFFECT OF COMPONENTS OF T™E THIAMINE MOLECULE ON
o GROWTH OF WOOD ROTS IN SHAKE CULITURE AT 28°C.

Basal medium (Table 1) pius glutamic acid (to nitrogen of 0.012%), with
! thiamire control (I ms, per liter) and with thiasole (0.42 mg, per liter) and
) pyrimiding (as bromide instsad of chloride, 0.84 mg. per liter) sustituted
T for thiamine in concestrations equimclar to thiamine., Media were adjustad to
' approximately optimum pif for each organisam (see Table 7). Stendard inoculum
used, Growth response expressed as millizrams of dry weight of mycelium per
| 70 ml, of mediun. No growth without added nutrilites. All data ars averages
of duplicate, 7-day cultures, alter three serial transfers in the given medium.
! Brown rots and white rots indicated by (B) and (W) reepectively.

|' . t weight - mi rams
1. ‘ =
| Organisn EMM“ Thissole Eyrimidine

Group 1
Lentinus lepideus (B). 22 0 0 0 |
Polyporus immitus (B) 18 0 0 0
Fam%e (B) 100 L0 v} o
Lenzites trabea (B) 9c L6 0 0
| O polyp%%etumm () 93 89 80
i Polyporus tulipiferus (¥) 85 83 130 0 |
’ . . |
Trametes malicola (B) 38 25 0 20 ,
Trametes serialis (B) 72 70 0 35 !
oo i
Fomes roseus (B) 35 3l 23 25 f
Polyporur anceps (W) 62 43 36 35
Polynorus schweinitzii (B} 38 2 20 22
Fomes annosus (W) 68 70 Th 68
Fomes pini (W) 26 25 30 25 |-
Fomes subroseus (B) 75 73 70 65 |

Polyporus palustris (B) 92 88 8l 86




of those vitemine had previously been tricd, and vitamin B, ("Oobione®,
Merck) is caly newly available. They were used in tho synthetic
wodiur (Table 1) with glutamic 2044 (0,012% nitrogen) and thiamine
(1 mg, por litwr), Vitamin B), was used in a concentration of 0.1
gamma por litor, and p=e~b &8s 2 mg. par liter.

The following organisms, tasted with vitamin By, plus thiamine,
showed no difference in growth in the presence of this vitamin than
in its absenco (thiamine only): P. tuljpiferus, P, incrassats, P, monticols,
B, polustris, L. lepldeuws, ¥, subrosous, L, trabes, P, ancepe, ¥, rosous,
P, molisc, F. offjcinalls, P, xaptba, P..cocos, P, pigrs, P. sproguel,
and P, veillantji, (The latter two organisms did not grow with thiamin,)

The folloving organisms, tested with p-sminobenszoic ecid plus

thiamino, shoved no difference in growth in the presence of this nutrilite
thar in its absence (thiarine only)s P, tulipiferus, P, anceps, P, polustris,

L. lepidoys.




UTILIZATION OF DIFFELENT CARBON COMPOUNDS

It hss nreviously l;een shown (section on Utilisation of different
forms of organic and inorganic nitrogen in synthetic media) that
E. palustris and P, tulipiferup could not use any amino acid as its
sole source of csrbon, and that nome of cur wood rots could use l-glutamic
acid as a 3ole source of carbon, Carbon sources other than amino acids
and glucosn have been studied as rogards their utilisaticn by P, palustris
and P, tulipiforus,adding the oompounds to the basal medium (plus
glutamic acid) in place rf glucose.

Thc concontration of each carbon source was such a3 to give a
carbon concentration equivalent to that in the standard 1% glucose,
Utilisation of cach compound is expressed as milligrams (dry weight) of
mycolium in tho third serial subculture in standard shake flasks, Tho
results are shown in Tablo 19. It is apparent that both organisms
utilise tho scme carbon compounds, and that all compounde are utilised
axcopt certein organic acids - acetic, oitric, mleic, and tartario.
Pyravie and sucoiric acids apporently were metabolised, although ‘to a
lessor degrao than most of the othar carbon compounds. The amount of
growth in glycerol is atrﬂd;ng.
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TABLE 19

Growtn of P, palustris and P, tulipiferus in shake culture at 28°
8. in the basal medium with various carbon compounds substituted for

gluzose,

Growth expressed as milligrams (dry weight) of mycelium per 70 ml,
of medium. Datc are averages of duplicate, 7-day culiures, after thrae
serial transfers in tho given nutrieat. Original inoculum from basal
medium with glucose. .

Carbon source Es polystris B, tulipiforus
oge. nge.
docetic acid 0 0
Citric acid 0 0
Fructose 63 VA
Galactose 26 39
Glycerol 149 138
+ Lactic aocid 37 29
Lactose 41 17
Maleic-saofd 0 0
Maltose - 63 8L
Pyruvic acid 19 17
Suceinic acid 33 29
Sucrose 43 17
Starch, soluble 63 &
Tartaric acid 0 0
Glucose (control) 96 ™
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Studiee of ozrbohydrate utilization (oxlidation) alac were made
using the Warburg reaﬁirometer. Utilization ie measured in terms of
oxygen upteke under standard conditions (exogemcus respiration). Only
Bs_pslustrig has been studied in this regerd, as great difficulty was
experienced in developing = proper technique with the wood rots, The
manometric technique is a more delicate one than fermentation for
studying carbohydrate utilization.

For consistent results in measuring the oxygen upteke, the inoculum
must be propcrly prepared and standardized. , After many trials to obtain
a uniform nyceliel suspension with a high eiogenoua respiration, the
fellowing procedure was the best that could bz devised, From a stock
culture of the'orgapism on a potato dextrose agar slant, tranafer a
small picce of mycelium tc 70 ml, of 2 ¢ malt extract in a 250-ml, Erlen-
meyer flask, Incubate at 28° C. on the shaking machine for 5 days to
produce pellets, Transfer the contents of the flask to‘a Waring blcndor
end blend the pelicts for one minute, Transfer an aliquot of the blended
suspension to a 15 ml. centrifuge tube ard spin down for two minutecs at
2000 r,p.m, Discard the supernatant, resuspend the cells in distilied
water, and centrifuge again. Resuspend the cells in distillied water to.
give a suspecnsion of about 10% by volume, 6ne mi, of this suspension
is then usud to inoculate 70 ml. of 2% malt extract in a 250-ml, Erlene-
meyer flask for starting the fine) inoculum. Incubate on the shaking
machinc for 48 hours to obtain thc basic inoculum for the %arburg deter-
minations. The pellots may now eithei be blended in o Waring blender
for 5 seconds, or tramnsferrcd intact to a 50 ml,ceatrifugoe tube. Unblended
pelleis give gsomewhat better results later., In cither case centrifuge
at 2000 r.p.,m, for 2 minutes, wash with distilled water, and repeat three

timea. After the final centrifugation resuspend the cells in 50 ml, of

e et it e
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phesphatc buffer, pH 5.5, transfer tc a 250-ml, Erlenmeyer flask, and
put on tho shaking machine for 24 hours to sterve the cells in order to

decrease endogcnous regspiration. Centrifuge the cells and resuspend in

" phosphate buffer to give & suspension of epproximately 20% by volume,

One ml, of this inocvlum 1s used per flask in the arburg apparatue,
Uaing the above standard inoculum, the oxygen uptake of Polyporus
palustris was determined manometrically with several carbohydrates in
1# conceniration as substrates. fhe endogenous respiration of the
starved cells was measured at thc same time, and the exogenous figures
corrocted for the epdogenoua value, Table 20 shows the correccted oxd-

gcnous respiration values, expressed as micro-liters of oxygen per

nilligram of cells per hcur., The values shown are averages of triplicate

detorminationa, (Endogenous values varied betweon akout 1 and 2 micro-
liters Op/mg./hr.)
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TABLE 20

O

Exogenous roepiration of P, palustris on various carbohydrates,
corrected for ondogenous respiration. (xygen uptake expressed as -
nicroliters O/mg./hr. Figures are averages of triplicate determinations.

Avaorage Standard
Substrate Maleftr,  Deviatic
Fruotose 2,29 0.54
Galactose 2.4 0.12
Sucrose 2,13 0.06
Glucose 2,02 0.12
Maltoee 1.94 0.16
d-Mannose 1.92 o.11
. Daxtrin 1.3 0.12
(— ‘ d-Xylose 1,67 0.12
Glycogen 1.60 0.14
Arabinoee 1.49 0.17
Cellobiose 1,20 0.16
Lactoes 0.49 0,05
| d-Ribose 0.43 0.07

1-Rhamose 0.16 0.05

! The data in Table 20 show tdat this organism utilises all of the
carbohydratos, although lactose, ribose and rhammose ars used rather
poorly. (All oxygen upteke values for this organism are rather iow
compared with most bacteria, othor fungi and othcr typos of oells.

Whothor this is normal, ur whether the best technique has not been

developed, is not known,)
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STUDIES OF GO TH IN #ZR.TRD BOTTLE CULTURZS

These studles were carried out to compare certain aspects of growth in
large aeratsd cultures with that in shake culture, to determine the amount of
growth and acid produced vhen the pH was and wvas not adjusted periodically, and
to determine the amount of acid produced (titratable scidity) during grovt.h.
and fermentation, The nitrogen sources - - glutamic acid, azmonium sulfate,
amonium nityete and ammonium carbonate ~ - were added singly to the basal
wedium (Table 1) in a coucentration to give 0,012% total nitrogen in cach case,
moWutm?tslmuwmwmﬂmnudofuuwmm
culture, Thiamino was added as 1 mg, per liter, and adenine as 13 mg, por
liter, the lctter to stimulate growth and fmuon. One=liter quantities
of medium were used in 2-quart bottles (Pig, 2,adove ), and incubation was
at 289 for 7 days. Sterile air was forced through the cultures at a rate of
approximately 2 liters per minuce, .

The following organisms were studied in ssrated bottle culture: P,
paluptrls, L, lepideus, P, rubescens, P, tulipiferus, and E, spposus, Two
hﬂwortuummgmmtly-inme set thepﬂmudjnatodbgck
to the original 5.5@11!, vhile in the other set no sdjustment was made,
Determinations of pH, titratable acidity and mycelial weights (dry besis) .
were made at the end of 7 days, Tabls2) shows the results of thego experiments,

The data in Table 2] show that there was, in general, less difference than

might be expected in the amount of gpowth whether the pH was adjusted daily or not
adjusted at all during incubation. These differences were most marked in anmonium

sulfate, in which all orgenisms produced appreciably more total growth in 7 days

when the pH was adjusted daily, P, rytesoens in glutamic acid also is noteworthy,

There wero grecter differorces in the amount of scid produced as regerds nH .dju.t.- i

ment, although these differences were not consistent evan with a given organisa,

)
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i R TABLE 21

GROWTH OF wOOD ROTS IN AERATED BOTTIE CULIURE

Culture medium: basal medium it glucose (0.53), thiamine, adenine, nitregen
source (0,012% total nitrogen), Original volums of medium: 1 liter; original
p ® 5,5, ileration rate: 2 liters per minute, NaOH give: as total nl, of
N/O. 25 used to neutralize 10 ml, of medium during 7 days.

pH adjusted daily E pH_not adjusted
NaCH & NaCH
Mitrozen Fycelial Final to neut- g +fMycelial Final to neut~
egource and - weizht = pH - ralize ~ e wéight ~ pH = ralize =
orsanism Zdays ~ 7daye Zdaye ¥ 7days = Zdays Zaup
ms. pH ml, gus. pH ml,
Glutamic acid | ) ) _
P. palustris 0.6008 2.98 1.47 0'8688 2:.05 131
P. rubescens 1.,8702 6,00 = 0.8821 6.05
P. tulipiferus 30@0 5090 9-.26 ' 3.35m 5050 O
F. annosus 0.2820 5450 0,06 Es 0.3990 8420 - g
N
(Hy, ) 250, 4
P. palustris 04533 2,60 0,51 & 04,558 262 1,13
Lo lepideua 0:6979 332 0.16 10,2806 - 3,72 C.09
P, rubescens 105382 5:10 0.20 g 10% 3.02 Oow
P, tuiipiferus 1.,1520 6,00 0,05 0.9450 5.50 0,10
F. annosus 0.1930 5970 0,02 f 0010” 5050 0
P, pelustris 0.6002 222 0.27 M oas 212 - om
L. 13]31\16@ 001"06) 63& Ler ] '* 00“98 7.2) -
P, rubescens 0.8526 6450 - ! 0,7487 6,10 -
P, tullviferus 0.1040 5495 IS TA P 0,300 545 0
F. annosus 0.0380 6.% “0.06 ! Q 0090 5,00 0,01
y
(NH;! )2002 !’
g— . ' . "
P, palustris - - < 1 1.092 2490 1.2
L, lepideus - - - : - - -
P rubescens 0.0316 6,50 Oz ! 0.8317 3,50 0:37
Fo tulipiferus Q.,1270 490 Oud/y , 0,1010 4490 0.11
F, annosus 0,0310 6420 0,10 i} 0,0150 6,50 =1,10
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In one mediur an organiem, e.g., P, Eg;ustris; preduced more total acid
when tho pH was adjusted, while in enothor medium the same fungus produced
more acid when the pH was not adjuhted from day to d=y., It appeers
impossible to generalise as regards the effect of adjusting pH during
growtg.

The results show that in glutamic aclid, P, tulipiferus made by far
the best growth, and the amount was twice as great as any other organism
in any nitrogen source. In ammonium sulfate, P, tulipiferus and
P, rubosiens wers noarly the same in production of mycelium, while in
anmonium nitrate, P, rubescens produced nearly twice as much growth as any
othor organism in that compound, The greatest amount of growth in
ammonium carbonate was produced by P, pajustris, E‘_ggggggg grew bost in
glutamic acid, while L, lopideus also favored glutamic acid over the
inorganic nitrogen compounda. Thus thc various fungi diffef among them-
selves as regards their best nitrogen source, although in genersl glutamic
acid supported more growth than the 1no:ganic nitrogen compounds,

Wherees in shake culture acid ie invariebly produced (Tablos 8 and 9
above), in the acrated cultures the pk was more alkaline at the end of
7 days with certain organisms in varicus nitrogen sources, P, palustris
was consistently the best acid-producer in all media, while the other
organisms somotimes produced an acid reaction and somsvimes an aikélina
one by the end of the incubation peribd. A possible explanzation for ths
slkalino rcaction may be that becsuse of the relatively high 2eve of
aeration in the bottl: cultures, organic acida vhich are produced may be
further oxidized, forming elkalinc carbonates,

The =2bove studiea show that conirciled growth in mass culturs is
feasible, Pellet size, and to somc exteont the total amount of growth, is

cortrolled hy the rate of aeration., Thc compressed air iz veadily

r
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sterilized by passage through dry, sterile fiber-glass filters, The
method iz usoful in the guentity production of mold ensymes and fermenia-

tion products for analysié.
CHEMTCAL PHODUCTS OF FERMENTATION AND/OR SYNTHESIS OF THE WOOD ROTS

In addition to cellulolytic cnzymes (sec lator), we have obscrved
and studied to some sxtent certain other metabolie products, Those
include organic acide, polysaccharides, pigments and storols.

Identification of oxalic and succinic acids as_products of
foracntation. It was noted (Tables 8 and 9) that P, palustris produced

a pH of about 2 in shake culture within a week, hence this organism wes
used in studies to dete ndne what'acida were formad., The growth medium
used consisted of the basal medium (Table 1), glutamic acid (0.012% toval
nitrogen), thiamine (i mg. per liter), ac.nine (13.7 mg. per liter),

and glucose (0,5%); pH 5.5 after aterlization, The medium was added

in 1-liter amounts to 2-quart bottles, Incubation was at 28° C. for

1 week with forced aeration {2 liters per minute), After incubation

the myéélium was scparated from the culture fluid by filtration, and the
liquid used for the identification of acid. The chemical procedure was,
briefly, to actract the culture fluid with ether in a cocatinucus
extractor, cvaporate the ether and recrystallize, Elementary analysis
was carrizd out on the resulting white crystals and melting roirnts and
noutralization equivalents determined. The ecid eppeared to be oxalie,

The p-toluidide derivative wes prepared; its melting point (269.5°C.)
checked closcly with a kmown sample (269,39C.) (The literature givee

268°C, as the melting point of thie material), It was concluded thet
the acid was coxalic acid, No quantitative studies of its producticn L

have yot bosn carrled out. With Fomes_annogus in the medium described
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above, sutcinic acid was identified by preparing eilver succinate.

Funga! polysacoharides. Several of our cultures of wood rots in
shake culture in synthetic media produce large amounts of "slime",
For F, melise and P. abictinus tho material appears to be & polysaccharide,

Figments. Pigment production by several of the wood-rotting fungi
has been noted in various synthetic media in shake culture, and has
included yellow, orange, red and brom coloration in the medium and/or
mycelium.’

An orange, water soluble pigment was produced by Lepzites trabea
in various syntheotic media, Increasad concentrations of certain of
the trace olements (iron, 0,1 - 0,15 mg./i.; zine, 0.14 - 0.21 mg./l.;
molybdenum, 0.0Z - 0,03 mg./1.; and boron 0,02 - 0.03 mg./1.) caused
intensification of the pigment. In conncction with the development of
&0 optimal medium for L, trebea (see above), it was found that pigment
was not produced when the conceniration of glucose was 14§ or mors,
regardless of cihor constituonts, Maximum pigment formation took place
in 2 - 4% gluccss., That }ack of pigment was not due to increased
arounts of trace clements in thec sugar, was shown by purifying the
glucose by solvent ggtraction with dithiozone in carbon tetrashloride
and 8 = hydroxyquinoline in chloroform, The use of this purified glucose
still showed ne pigment produced above & 14% concentration, When starch
(up to 20% concentration) was substituted for glucose, pigment waz still
produced, suggesting that the mechanism of inhibition of pigment by
glucosa probably was an'asmotic rhenomenon,

With Lentigus g;gggggg, a yellow-red pigment was produced in
synthetic medis, Plgmentation varicd with the pH of the media, no

pigment being produced (or et lcast apparent) bolow pH 4. At pH 5.5 the
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mycelial pellets were red and the solution yellow; at pH values
above this both the p‘ilnta and solution were yellow, The pigment
in this ce2c aoted to some e.x;*.eat as an indicstor,

Throe organists - L, striat4, o sallei and F,_pini prodused
intense orange pigmentation in tho"buai medium with glutamic acid,
The pigment of L, siriata was identified as a carotinaid, probably
xanthophyll, by chemical tests a;nd absorption spectra. Py lutecfibrata
and ), lacrymaps in syntheﬁo. udia ;.arodiwed a yellow pigment which
turned red whon exposed to light, '

Proliminary results with ohromatography indicatsd that this technique
night bo usoful in tho study of fungsl pigments.

* Sterolg. Preliminary screening studies indicate that: some of the

wond rots form sterols in malt extract mcdia, and smuller amounts in

synthotic media, ol v

STUDIES ON CELLULOLYTIC ENZYMES
Ths wood-rotting Basidiomycates are virtually the only organiau‘
which ean sot on cellulose combined with lignin (as in wood), although
many othor types of microbes,as well as tho wood rots, can act on more
or less "purec" celiuloae. It ws thsrefore of great tmdamntd intereat
to investigate the produstion and charactoris‘tico of the cellulase(s)

of those fungi,

Kethods for deteraining activity.

Soveral methods were tried out to screen organisms for cellulolytio
activity and/or assay cellulase, For convenience, these mt‘hoda usually

employed a cellulose substrate other than wood, The methods dependoed

upon: A, Visual observatioh, and B, Chemical determination of end

producte,
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A, Methods dopopdent upop vipuai observatiop for cetipation
of cellulnage gotivity.

1,

2,

3.

Growth of the fungi on cellulose agar plates, - -
Mediunm: agar containing imown nutrients, with added

 bull-milled filter paper or wood meal to produce

opaqucness, Organisms stroaked om surfrce and plates
incubated; cellulase production supposed to produce

sane of clearing around tho line of growth, Compositicn
of medium and concentration of cellulome rather critical,
Bost rcsults with base loyer of oclear agar hardenod in
plate, then thin laysr of celluloss ager on top, Slow
growth of organisms and lack of oclearing in many cascs
made this method impractical.

Growth in cellophane bag. - - Because tho orgnnisms
attack collophane (regenarated cellulose) their activity
cap boc estimated from the timc required for the beg %o
broak, Begs made of cellsphanc tubing, and containing
culture fluid, wore susponded in more oculture fluid
insido of flasks. Tho fluid inside of the beg was
inoculatecd with the organism, Collulase broaks bag in

a few days, but mothod is cumberaome und not very
quontitative, Refinomonts might make the mcthod usocble,
but probably not practical. Carboxymethyl celluloso
filrs also were made fragile, but not ccllulose eootate.
Growth in shako oultures containing finely-divided
oellulose, - - Because of difficulty of saoparating
cellulose and mycelium, the estimation of treakdown is
not readily done. Broakdowmn of wood can be estimatod by
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the dys-absorbtion method (soce lator), assuming that the
mothod measures cellulose., However, the dye-absorbdtion

method i3 not very suiteble for the rapid Jctermination
of relative cellulase activity. i
Growth on sheets of paper. - - Various kinds of paper

eshects were placed cn the surface of nutrient agar,

inoculated and incubated, Woakening of somo types of
paper quite marked, but method mot considered as good

as some others, |

The cellulase assay tube (drop-weight method), This
apparatus can be used either for a growing liquid

oulture or for a filtrate., It consists of a glass tube
open at both ends, smaller at one end than the other,

and with both onda slightly flared. The tube fits into
the nsck of our standard shake flask (250-ml. Erlenmeyer),
The lower cnd of the tube dips below the surface of the
1l4quid (culture or filtrate) in the flask, This lower
end has a narrow strip or cellophene across it; scveoral
steinlass stecl dballs rest on the cellophane strip,

(The oe.lophane is Dupont #450 P T, cut in%o strips 0,33
cm, wide. PFive stainless stcel balls (bell bearing) were
used; they wore 3/8¢ diameter, and each weighed 5.26gm.).
Production or pre<cnce of cellulase in the liquid weakens -
the etrip, allowin~ tho balls to fall to the bottom of
the flask, Tho time requirod for the strip to woaken
sufficiently for the balls to fnll is a measure of
ccllulese concentration or activity. Average ocellulase
activity allows tho woights to drop in 72 to 96 hours. ' r

Unconcentrated cellulase.
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{See Figure 6 below, for thc construction and asscmbly
of thc apparatus), fhis m.thod has becn found very
usoful for screening of liquid cultures and/or cvlture
Jlltratos for cellulolytio aotivity,

Dye-atcorption method, A practical probicm of somo
concern has boen th~t of determining, in ths presence
of fungal mycolium, the amount of cellulosc breakdowﬁ
in sawdust in submorged culture., It has not boon
poseible to separato the fino sawdust from the pellets
of mycelium for this purpose, hence chemical methods of
deternining breadown have not proved feasible. We
have developed a selective dye-absorbtion mothod for
this purposc, which appaiers to give consistent results,
Yhile we do not have incontrovertible proof that ths
method mensures tho disappearance of cellulose omly, it
appoars probable that this is thc ocase. Certainly the
method measurss tho renoval of some pubstance(s) from
wood whioh has undergonc fungal astion in aerated oculture,
and controls on pure oellulosc and on biologically-de-
graded wood of imown liguin content strongly suggests
that it is cellulose which the metn~d doterminas. The
method has not yet boen investigated sufficiently to
guarrntoe its relianbility, but thc technique and recults
aro herewith presented tentetively. So far, only pine
sawdust has boen used,

In principle, the finely-divided wood, which has buen
subjected tn the action of fungi, is stained in the

presence of thc fungel mycelium, The collulose and
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probably the lignin take the dyo, and the mycelium
also stains to scme extent., The first de-staining
(step 4, below) apparently removes most or all of the
dye from the lignin and mycelium, but not from tho
ocllulose. The second de-staining (steps €-8, below)
removea the dye from the collulose, the amount of dyo
present gnd removed presumably being proportional to
the amount of cnllulossc in the cellulose~lignin complex,
The amount of dye removed by the sccond de-staining is
quantitated in a spcotrophotometer and, by comparison
with a standard dye curve prepared using unfermented
wood meal, the amount of celluloae-hreakdo'n is obtained.
The details of procedure foullow,
The wood meal (80. mesh) and mycelium from a shake
cuiturc (or other submerged culture) are collectad

~ on an asbestoy mat in a Gooch axucible or in an

alundum filtering crucible. The material is then

treated as follows:

Staining

1. Moisten with 95% ethyl alcohol, thon suck dry with vacuum.

2, Stain for 5 minutes with tho followin:; solution, then suck dry:
malachite green 0.5 gn,
distilled water 150 ml.
ethyl aicohol, 95% 50 ml,

3. With suction, wash 20 ml., of diastillod water slowly through the

cruciblo,
4. ¥ith suction, drip slowly thrcugh tha crucidble 20 ml, of acid alcohol

(1 part concontrated HCl plus 99 partc absolut: ethyl alcohol) until
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(‘) the Liltrate is colorloss.
i 5, Adr-dry for 4 hours, or for 20 minutes at 100°C,

w-staining
6. Place the orunible and its dricd contents in a 50 ml, beaker, and

ﬂ carofully pipotte iuto tho crucible without disturbing the mat of

wocd meal and mycclium, 10 ml, of tho following solutiom:
absolute eivhyl aloohol 50 ml,
aethyl alcohol, 95% 45 ml,
ooncentrated HC1 5 ml,

7. after 30 minutes the crucible is removcd from the beaker, 'placcd om
a stainless steel mesh over the beaker, and allowed to drain into
the beaker,

8. An additional 5 ml, portiom of the abovelaolution (6) is ecllowed to
drain through tke crucible, and is oollocted in the boaker,

9. Another 5 ml, portion of the same solutiom is used to wash =ny dre
from the crucible and wire mesh. ‘

10, Tho volume of the liquid collected in tho beaker is brought up to
20 ml, with more of tho solutionm.

11, 4an aliquot of the 20 ml, volums of do-staining solution, containing
the dys eluted from the cel® -3e, ie quantitated for dyo concentra-

tion in a apectrophotometer.

The concentration of dye. comparcd with a standard prepared using
unfermcntod wood, is ~ mc-sure of tho amount of celiulose bxoken dowm,
B. Xothod dopending upop chemical detcrmination of end-produnts cf

ogllulase activiiy.
(,) 1. This dopends upcn hw reducing characteristics of products of

depolymerized oellulose, i.6., sugars, atc, As cellulose is

S —— = — —
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enzymatically attacked, the hydrolytic action is cne of splitting the
1, 4~B=glycosidic¢ linhgo,' making available a reducing group at the
"1" position. The reducing capacity of the substrate is thus increcsed,
suck inocrease being in relationship to theo number of linkagcs split.
Metabolic fluid from cultures of wood rots is buffored and incubated,
with a cellulose substrate, under toluol., Reducing substances which
eooumulato result from the action of the cellulase on the cellulose,
These substances are detcrmined by the Polin-%u method for glucose,
which deponds upon the reduction of copper and of molybdenum, The
intensity cf blue color of the latter is proportional to the amount
of glucoso (or other reducing substance) in thc test fluid., Spectrophoto-
metrically, quantities of reducing substances (expressed as glucose) as
low as 0,012 wg. per ml, can be determined. This 18 our proeferrad mcthod
for quantitative studies cf cellulase activity, although it is not good
as a rapii scroening test,
Broductiop of cellylage(s).

The culture fluid of several wood-rotting fungi was shown to
have ocellulolytic activity, indicating the presence of extracellular
cellulase(s). Production (or activity) of the enzyme(s) was best
when the organisms wsre grown in casein hydrolysate mediuva with severai
edded nutilites, Qualitatively, the ensyme was demonstrated by various
methods (chiefly the conulwksuy tube) in the culture fluid of the
following brown rotss P, palustris, L, striats, [, trabea, D, gquercina,
P, rubescens, P, subroseus, T, serjialis, P, immitus, P, spraguei,
Pa_gchweinitsii and P, nigra and of the following white rote: P, ancepe,

P._versicolor, F, Pomeptariys and F, pini, P, palustris and L, trabea
have been further studied in some detail, end will be used to illustrate
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rothnda and results,

¢ulture mediym. The semi-pypthotic podium developed to give a good
production (asctivity) of cellulase, using P, palustris or L, trabes in
shake culture, is shown in Table 27,

TABLE 22

Sepj-evnthotic mediun for cellulase production with P, palustris or
L, trabea in shake cuiture.

Casein hydrolysate 120 mg./1. nitrogen

kH, PO, 1.5 go/\e

g SQ‘° 7nzc 0.5 g./1.

Adenine 13 ng./1.

Guanine 13 ng./1.

Uracil 13 og./1.

Thiamin BCi 1 og./1.

Glucose 3 g.1.

Trace elements - same as in Tabls 1,

Initial pH 5.0

Studies with celluloge ag an asgay substrute. P, palustris was
grown in the semi-synthetic mediuz (Table 22) in 10C0-ml, solumes in

2-quart tottles with forced aeration for 5-10 days at 28°C. The culture
was filtered through glass wool vo remove gross particlas, then through
sintered-glass bacteriological filters to obtain a cell-free filtrate,
Equal volumes (5 ml,) of the filtrate and 0,07 M phosphate buffer (pH 5,5)
were put into a 50-ml. test tube containing 100 ng. of ball-milled

filter paper., With a few drops of tolnd as an antisepiic, the mixture

was jncubated at 28°C, for 4 days to 2 weeks, The mixture was then filtered,

.
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and the filtrate mssayed for cellulase activity by deiermiﬁing the
Zlucose in the filtrate before and after incubation, according to the
Folin-fu method given above,

Numerous teste were made varying the time of incubation of the
original culture; relative amounts of assay solutions, buffer and substrate;
temperature and time of assay incubaticn, ete., In no case was more than
0,03 mg./ml, of gluccse found in the filtrate =€ter incubation and assaf.
It was concluded either that cellulase was present4in the filtrates in
very small amounts and hence did not form much glucose from the filter
paper, or that the conditiona of assay were not correct to detect the
products of cellulase acti%ity. Since the amount of cellulase¢ apparentiy
could not be increased, as shown by the abcve method of assay, further
wbrk was directed towards modification of the assay procedure, It was
thought that a more "reactive" cellulose might be more easily degraded,
and hence give larger amounts of glucose for assay, The use of a
modified cellulose as an assay substrate was found to give much better
resultz (see bolowj,

Studies with "reactive" cellulose as an assay substrate: The
"preactive™ celliulose was filter paper swelled with phosphoric acid, This

was prepared as follows: Dried, ball-milled filter paper was placed in
a besker, and cold pnosphoric acid (385%) sufficient to wet the paper

was added. This was done in a salt water-ice bath at 0°C. A&fter 30

minutes cold water was added to stop the reaction. The paper was washed
with water several times or = Buchner funnel, then with dilute sodium
hydroxide, After further washing to neutrality the preparation waa
drisd, weigned and suspended in water to give a 2% concentration of

the treated celiulose, This reactive cellulose was used in place of

ball-miiled filier peper in the assay procedure. The assay method was

ot
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also changed in several o?her particulars,

P, palustris cell-free filtratos were prepared as indicated in the
preceding secfion, with incubation for five days. For the assay, equal
quantities (3 ml.) of filtrate, Mac Ilvaine's tuffer (pH 4.4) and
distilled water were mixed with 1 ml, of the 2% suspension of the phosphoric
acid-treated cellulose. The mixture was incubated under toluol at 50°C.
for 18 hours, then the gluccse determined as before, Under these pew
conditions of assey with the reactive cellulose, 0.12 mg./ml. of glucose
were present in the filtrate after incubation, as compared with 0,03 mg./ml,
when untrecated filter papef was used as the assay substrate. Apparently
the modified cellulcée is brcken down to a greater extent than "matural®
cellulose, giving larger givcoss values which are analytically useful,

Ths above figures are illustrative of the data finally obtained after
modifications were developed, Note the time (18 hrs,), temperature
(50°C.) snd pH (4.4) which were optimum for cellulase activity on
phosphoric acid - treated cellulose, Filter paper treated with phosphories
acid for iess than 30 minutes was found to give lower glucose valuss
than when treated for 30 minutes. Mycelial extracts were found to
contain no ceilulazz; apparently it 13 a true extré:pellular enzyme,

The modified cellulose gave such good resulis that a soluble cellulose
derivative was next tried,

Studieg with a cellulcse derivative as an_assay substrate. Cerboxy-

msthyl cellulose (CMC*),a esoluble asubstance, was tricd as an assay
substrate, This had been shovn by cther worikers (Resse et al, 1950)
to be easily hydrolyzed by celluiolytic enzymes of other organlisms.

The filtrate from a 5-8ay old culture of P. palusiris was prepared

" * Sample designated CMC 50 T, with a degrze of substitution of
0,52,

=X 1
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as previously described, and assaycd as in the proceding seotion gxoept

a <} D, R } _Waler wa Jub

1% ] 4 YOy L/ 1004 1430] OVR AL

was frund, compared with 0,12 mg./ml, when phosphoric acid-treatod ocellulose
was used. Thus the cellulase can attack soluble cellulose more readily
than insoluble forms, Tiith this assay substrate, glucose values up
to 0,75 mg./ml. have been obtained with P, paluptris, depsriing upon
culture age, ete.

Studies of this assay technique with P, palustris filtrates have
shown that a 0,58 solution of CMC gives the samo results as 2%, that
a variation in assay pH between 3,4 and 5,0 is of 1little significance,
and that an assay temperature of 60°C. results in markedly more glucose
than 50°C, Also, with this new technique the assay may be run in 3 hours
instsed of 18 if dosired; for example, in one test 0.53 mg./ml, of
glucosu were formed at 500C, in 3 hours.

Culture filtrates of both F, palustris and L, trabea ehowed
naximum cellulage activity when the cultures were 3-4 weeks oid,

t f cel e, It was of interest to determine whether

the ensyme qould be concenirated or removed from the culture fluid
by common protein precipitants, Those tried were saturated aazeonium
sulfate, ethyl aloohol, acetone, and mixtures of alcohol and acetone,.
It was found that the precipitants had to be pre~cooled to ~15%C, and
the filtrate to 0°C., and the precipitation carried out at 0°C, Various
quantities of the precipitants were mixed with various volumes of the
coli-free culture flivd of P, palustris, and the precipitates taken up
in  MacIlvaine's butfer {pH 4.4), in whick the precipitates were ncarly
100% soluble, 4assay of cellulase activity was made as before, using
4 nl, of buffer - precipitate mixture to 1 ml, of 28 CMC, and incubating

acid-treated filter paper. After incubation & glucose value of 0,61 ng./nl, -
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for 18 hours at 50°C.
The results with P, valuptris shcwed that the ensyme could be
precipitated by any of the precipitants used, with acetone, and

alcohol-acetone 131, being by far tre best, However, in the few
exporiments carried out, it was not possible iuv concentrate the ensyme
more than 3-fold by this procedure, due to "inastivation" or some
other unknown reason. For example, the precipitate from 150 ml, of
acetone plus 50 m]l, of culture fluid was taken up in 10 ml, of buffer
and assayed, Glucose was only 0,31 ng./ml, as oompared to 0,12 mg./nl,
for the unconoentrated (unprecipitated) filt:ate,

Incidentally, it has been found that both culture filtrates and
concentrated ensyme can be preserved with merthiolate (0,01%) for at
least 3 weoks (and of test) without loss of activity.

Use of tho above protein precipitants with oulture filtratees
of L, irabea gave a Mconcentrate™ which, when assayed against filter
paper, showed only a trace of activity. WYhen assayed against carboxy-
methyl celluiosc, 0,31 mg./ml, of glucose were produced, the same as
with P, pelustris.

Preliminary studies were made with L, trabea using iom exchange
resinz for purification of cellulase in culture filtrates. The resins
which gave positive results were Iocnac*® resins # 4-293-M and # C-200,
These vere placed in chromategraphic columms, and the cultuve filtrate
passed over them, When used lin.gly no activity of the filtrate resulted,
but v&m passed firsi over # A-293-M** anfl then # £-200%%%  followed by

T "% american Cyanamid Co., N,Y.

##Picks up anions and replaces them with hydroxyl iens,
#8#Piok up cations and replaces them with hydroxyl iomse.

———————




concentration (4x) by vacuum distillation, the cellulase activity of the
resulting fluid was about 5 times that of the original filtrate,

(Vacuum distillation alone did not inoreasc the activity of a filtrste,
due perhaps to "inactivation" of the. exsyme by salts and acids present,
plus heat, The object of the ion exchange was to remove these "interferring"
substances, The distillation was carried out in glass, evacuated by

a water pump atiached to the receiver, The recoiver wcs placed in an

ioe bath, and the distilling flask maintained at 45°C.,) PFor example,

one original cellfree filtrate gave 0.11 ug./ml, of glucose against
filter paper; after passage through both resins the value was 0,12 mg./ml,
and after conéentration of the latier to 1/4 its volume the value was
0.51 ng,/ml, of glucose.

It ia to be noted that the cellulase of L, trabea, when assayed
against filter paper, gives much higher values than the cellulase of
P _palustris aga’nst filter raper,

The above data show that wood-rotting fungi produce extracelluiar
cellulolytic ensymo(s)., Whether there is ono ensyme or a mixture is not
clear, The small amount of ens&:o action on filter-paper cellulogo may
bec interproted oither as there being only & small amuumt cf "true" cellulsse
present, or as the long chain-length of %pure™ cellulose being difficult
to break, Anotiier possibility is the absorption of a rolatively small
amou:t of engyme on so much cellulose substrate that the cugyme -

substrate ratio is too small for much action, The increasingly greater

amounts of breakdown of phosphoric gcid-treated filter pnper and of
ggrhboxymcthyl cellulose may be a reflaction of greater amounts of a

differcnt "cellulase™ capable of acting on modified, simpler celluloses,

or may merely raficot the greater ease of nydrolysis oy a ‘ir.e" cellulase

of short-chain and scluble celluloses. Reese et al (1950) have restricted
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the term ggllulase to the cnsyme acting on mative cellulose; the enzyme
acting on carboxynethyi_oelluloae is garboxywethyl cellulase.

Effect of medium constituent: ou cellulase productiop. i1l of the
above studies of cellulase were based on growth in a gemi-synthatic

medium (Table 22), with casein hydrolysate as the source of nitrogen,
and glucoss as the carbon source, Using L, trabes, studies were made
of the effect of the type of carbon source on cellulase production
and, with a gynthetic medium, the effect of different nitrogen compounds,
All assays were against filter peper, and carried out as above umder
"Studies using Mreactive" cellulose as an assay substrate.®

Data on various carbohydrates substituted for glucose in the semi-
synihetic medium showsd no differaences in cellulase production among
glucode, sucfose, maltose, mannitol, cellobiose, starch, lastose,

galactose, and carboxymethyl cellulose.

A mixture of pure amino acids, in tyﬁes ahd eondehtratiohs approxinat-

ing thése inr the casein hydrolysate, was substituted for the latter

in the memi-synthetic madium, The same amount cf celluiase (a8 shown
by glucose values) was produced in this chraically-defined medium, A
series of tests were then mede in which one amiro acid at a time was
omitted from the mixture, and cellulase production determined. The
reaulte showed no difference in cellulase prcduction betwsen the complete
medium and the media in which any one amino ac’d was missing, NRext,

two amino acids at one time, in all possihle combinations, were omitted
from the compléte mixture, It was found that the elimination of valine,
aspartic acid and glutumic acid together resulted in & large decrease

in cellulase activity, €3 ccmplet; aminoc scid medium, 0,54 mg./ml. of
glucose; complete medium minus valine, aspartic ecid and glutamic acid,

0.19 mg./mi.
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¥ith the above information ae ¢ basis, vaiine, aspartic asid and
glutamic acid weve luba-titutod for the ocomplate amino acid mixture,
and when the filtrate was assayed a glucosc valus of 0,46 mg,/al,
was obtained, This compares favorably with 0,54 mg./ml, obtained in
the completoc aminc coid medium, The optimum concentrations of glutamic
acid, valine and aspartic acid were, respectively, 0,0096, 0,0032 and
0,0032% nitrogen, Thus a purely synthetic medium for cellulase
production by L, trgbeg at least, can be made by subetituting the
above amino acids for the casein lydrolysate of the semi-synthetic
mediun in Table 22,

N et
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ACTION OF WOOD-ROTTING FUNGI ON WOOD

Proliminary study of the antion of various of our fungi on
finely ~ dividod wood in 1liquid cu:lture showed tanat the wood apparently
was digested, The organisms were grown in culture with forced acration,
using cagsein hydrolysate plus vitemins. The wood was pine, addad in
the form of wood meal (fine sawdust of 80 mesh). ™ith certain of tho
fungi the woodmeazl djsappoared within a woek, Stained sections of tho
pellots of growth showed particles of the wood entangled in the mycelium
inside of the pollet. Apparcontly as the pellcts grew thuy ocoluded wood
particles in a more or less rogular fashion. It was not certain from
theso experiments whether the disappearancc of the woodmeal was due
entirely to physical entrapment by tho mycelium or whether somo perticles
were aotually digested in the medium by the fungal ensymes.

The dye - absorption method (# A, 5, above, in section on Studios
on Cellulolytic Ensymes) was developed for the purposc of determining
tho degree of broakdown, if any, of finoly - divided wood, Using this
asthof‘ tko following organiems were tcatcd for. their action on 80-mesh
pine wood meal added to shake culturos: btrown rots - - P, inorasgata,

B, miorospora, P, palustrie, L. lopidsus, L. trobes; white rots - -

Pa tullpiferus, P, ancope, F. gpnoeuys, L, tigrinus. The culture medium
ccnsisted of the basal medium (Teble 1) pius glucose 0.01l%; thiamine,

2 ng. por litor; sodium glutamate to 0,012% totel nitrogen; pino xood
meal, 0,01% (air dry basis). Incubation was for 14 days at 28°C.,
with triplicatc flasks, Aftcr inoubation, tho mixture of mycelial
pollets and wood mon) wes removed om @ Goosch crucible, and the staining

methcd desoribed above was carricd out,

Agsuming that the gtaining mothod dotermines cellylose, thc following
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centagos of removal of c;ellulooe from the wood were obtaineds
B._igorassgats 27%
E._monticels 318
La_palustris 40%
Lo lopideus 35%
L. trobeg 42%
s tulipiferus 38%
B, anceps 22%
Fa_ganosus 16%
Le_tigrigus . s

Uninoculated controls run under the same conditions showed an average
of 4.3% of tho cellulosc (?) removed from tho wood. Obwiously the differ-
ent organisms vary in their ability to remove %cellulose™ from the '
cellulosa=-lignin complex. The white rots, which are known to attack i
both cellulose and lignin, removed about the sama amount of“oeilulose”
from the wood as did tne browmn rots which attack only cellulose, These
studies were not ocarried further, .
A fow studios were made on the degradation of bark by P, palustris
in aerated liquid oculture. It was demomstrated that the collulose
(circa 208) of spruce bark is attacked by wcod-rotting fungi, in an
effort to moot thuir nutritional nseds, with a production of certain
desirable end-products, including roducing substances (expressed as N
glucose), The production of alcohol by the yoast, Saccharomycog
gerevisias, from bark trectod by tho brown rot, Polyporus palustris,
was also astablished, Spruce bark cellulvse degradation wae also
effectod by the use of a cell-free filtrate of a Polyporus palustris
liquid culture, The production of reducing substances (cxpressed as
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glucose) in this came squalled that of bark attacked directly by the
organism, Subsequent aleohol production by yeast from bark treatsd
with cell-freo filtratos of Polyporus palustris was aleo induced,
Also, using a sterilised mixture of bark in water, inoculated with
Dy n=lustris, there was a definite decrease in redusing substances
noted in the liquid immediately following growth of th: organism,
&n inoreage in reduciag substances took place aftor iusubatioe at
45°C,, the optimum temperature for cnsymatic activity (lethel
terperature for the organism), Therefore it may be inferred that
the bost yiecld of reducing substancos will be obtained by the proper
use of a goll-froe filtrate, as there ie not utilisation of matorial
by any organism. |

In addition to bark, we have also found that reducing sugars can
be formed from corn cobs as the collulose substrate, It was not
possible to continue this work, but it offers important practioal
possibilities for the utilisation of waste cellulose.

ACTIVE MYCELIAL EXTRACTS FROM THE WOOD ROTS

Cell-free, enzymatically-active mycelial extracts would be useful
for pumervus ensyme studies. Preliminary attempts to obtain such
oxtraots wero inconclusive when mycelial psllets were blended in a
mortar with sand and buffer at -~oom temperature, and the filtrate
tested in the JTarturg manomster aith codium pyruvate, Absonce of
oxygon uptako 1ndioat§d either no carboxylase cnizyd»e in the mycelium,
or inactivation of this casyme by the method of preparation, Further
studies, using P, palustris, have yielded a cell-free extract which

showed carboxylaso activity. Prosumably the same tezhnique could be
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used for obtaining other endo-ensymes.

Mycelial pelletoﬂ were obtained by growing the organism under forced
aeration in tvo=quart bottles containing 2% malt extract. Incubation
was at 28°C, for four days. The pellets wore then separnted froam the
modiun by pressing through ocheeseclcth, and the mycelium lyophilised
and pulverised, 0,5 grems cf the pulverized mycelium were transforred
to a 50-ml, centrifuge tube, 10 ml, of phosphate buffer (pH 5.0) added,
and the tube shaken for ome minute, Tho suspension was then dentrifuged
for three minutes at 2000 rpm, and the supernatant decanted for activity
studies, Tho carboxylase actlvity of thc extract was determined by
measus ing tho' rate of CC, svoluticn from sodiun pyruvate with standard
Warburg mancmeter procedures, at 28°C,

Preliminary studies of the influence of pH on carboxylase activity
showed pHS to be better tham pB6., At tho former pH, 154.3 microliters
of 002 per hour were evolved; at thec latter pH, 130,8,

To determine whether thc cell-free extract contained cocarboxylase
a8 woll es carboxylase, runs were made with sodium pyruvate in & con-
centration of 5 mg./ml. of extract, with the "stendard” extract,
standard extract plus 2 micrograms cocarboxylase (pure ensyme) per
ml,, and standard extract plus 5 micrograms cocarboxyiasc per ml,
Microlitors of COp per hour were, respoctively, 130.8, 128,6 and 129.8,
showing that cocarboxylasc was present in the oxtracted myocelium, and
further addition of it to the oxtract had nc appreciable effeot.

The effcot of the enzyme-substrate concentration on 805 evolution
was studiod at two concentrations of substrate and four concentrations
of enzyme, at pH5.0, with no added cocarboxylase, Table 23 shows the
cumulative results at 10-min-ite intervals, of (',02 evolution expressed
as microliters per hour, The results show that the breakdown of sodium

pyruvate by carboxylase is influenced by the ocncentration of ensyme and
substrete,
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TABIE 2

Carboxylase aotivity of cell-free extract of P, pelustris., Effect of ensyme-
substrate oconcentration with sodium pyruvate, at pR5.0, 28°C . Activity
expressed as mioroliters CO; per hour, at 10-minute intervale. S« "standard"
extract oconocentration,

Substrste: sodium pyruvats
copcentration: 1 mg./ml. of extract

Plo wzlbur

Time in - = = Concentration of ensyme extracte - = « - - - --a
ainutes S 0.58 0,25 8 0,125 8
10 28,1 21.3 7.95 8,58
20 56.2 37.4 17.5 15.5
30 67.0 42.7 20.7 15.5
40 82,6 55.2 27.0 18.9
28 98,2 67.6 35.0 27.4

d 1&% F) }2.%
70 116, 83, 42?% 32,
80 123.1 88.9 46.1 oS
90 127.8 9.3 50.9 37.8
100 132.4 97.8 52,5 37.8
110 133.9 103,2 57.2 41.2
120 137.1 108.5 62,0 46.4

¢ sodium pyruvate
Cone tion: 5 mg./ml. of extract

p1. COx/hour
Time in - - = - Concentration of enayme extract= = = = = = = = =« - -
sinutes ) 0.5 S 0.25 8 0.125 8
10 34.6 18.6 9.34 8,91
20 65.2 40.6 20,2 13.4
30 8c.1 48.1 23.3 16.3
40 109.6 64.5 3i.1. . 2.3
zg 126.8 80.6 40,4 29.7

46.7 Uamt N

70 %2gf% 100.7 49.8 35.6
Lo Bl L 111.6 54.5 38.6
90 198,9 120.8 59.1 43,1
100 130.2 62.2 44,6
110 142,6 70.0 49,0
120 151,9 76.2 53.5

———— e e m—— —— —— e




CONCLUS IORS

The nutrition and certain smpects of the physiology of forty=-three
brown rots and white rots have been etudied in shake culturs at 28°C,
The fcllowing guneral cnnclusions may be drawn from these investigations.

1. These fungi generally will grow in a variety of non-synthetis
media such as malt extract, corn steep liguor; ethyl stillage, eoy been
extract, gluten, peptone and casein hydrolysate.

2.. Most of the wood rots will grow in continued subculture in a
basal synthetic medium of glucose, inorganic salts, thiamin and organic
or inorganic nitrogen. A few have special nutritionsl requirements,

3. Utilisable nitrogen compounds inciuded any single amino acid
(L=-form only), ammonium sulfate, ammonium carbonate, ures, and ammonium
nitrate. No growth was obteined in potassium nitrate or potassiuz nitrite.
Growth took place in ammonium chloride only in the presence of traces of
succinic acid.

4. Most of the apecies studied requirs only thiamin as an added
vitanin in the culture medium., Some species teqi-ire the whole thiaain i
molecule; others dan utilise one or the other component of the molecule
separately, or toth together. Two organisms required no vitamins; two
others had vitamin requiremenis in addition to thiamin,

5. For most of the species etudied, biotin could be substituted for
thiamin, ‘There was little or no synthesis of thiamin by cultures growing
with biotin,

6. Other vitamins and puriue or pyrimidine bases often siimulated

growth, bLut are not cssantial,

7. The ontimua pH for most of the organiams studied was about 5.0- 5.5.

Some spscies have an optimum somewhatv lower than this,
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8. A temperature of 28°C, is satisfactory for the great mjority of the
wood rots, although a few species have &n optimus somewhat lower,
9. Most of our organisms produced an acid resction in various types
of culture media. pH vaiues as low ar 2 - 3 wers not uncommon, Oxalic acid
was ldentified as one acid produced.

10. Maximum growth of the organisms in shake culture was attained in
an average of 14 days.

11, An Bh of £ 400 to £ 500 m.v. was satisfactory for the growth of all
but one of the fungi studied, This organisa required a more reduced Eh
of about £ 300 m.v. ‘

12. Amino acids could not be utilized as the sole source of carbon by
any of the organisms.

13. Synthetic media more nearly optimal for growth than the besal medium
were developed by incroasing the concentrations of glucose, nitrogen and
potassium phosphate. Increases in growth up to 37=fcld were obtained with
some organisms in the new media.

14. A variety of carbon ccapounds could be utiliszed in place of glucose,
These include fructose, galactose, glycerol, lectic acid, lactoge, maltose,
pyruvic acid, succinic acid, sucross, mannose, dextrin, xylose, glyccgen,
arabinose, ribose, rhaznnse, cellobiose and starch, Nct :smtiiiszed were
acetic acid, ciiric acid, meles’c arid and tarteric acid.

15. Mass culture of wozi-rotiing fungl in eecated liquid culture
was found feasible.

16, 1In addition to acids, other products of fermentatiocn and/or
synthesis are pigments, rolysaccharides and sterols.

17. The wood-rotting fungi prod‘uco in various msdia an extracellular
cellulolytic enzgyme. This enzyme can be separated from the culture mediuu

oy pvrecipitation or by ion emchange resins and concentraticn ip vacuo.
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18. A cellulase assay tube {(drcp-weight method) was developed and found
useful for socreeming fungi for cellulolytic estivity,

17, A purely synthetic medium, containing three apparently essential
amino acids, was developed in which cellulase production was as good as in
a casein hydrolysats medium,

20, Active mycelial extracts, as determined by carboxylase activity,
were obtained by lyopanilising and pulverising the mycelium,
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